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Abstract 
 
The gap between theory and practice in education remains a persistent problem identified by 
some researchers as today’s “Achilles heel of teacher education”. The experience in science 
education is no different. Pedagogical content knowledge (PCK) has emerged as a theoretical 
construct that offers science education practitioners a framework to bridge the theory-practice 
divide because of its ability to transform content knowledge. However, little is known about 
how the complexity of classroom practice influences PCK acquired by pre-service teachers 
from structured courses. The purpose of this study was to illuminate pre-service teachers’ PCK 
as it develops from a point of reasoning about teaching a specific topic into classroom delivery. 
This study was performed as a qualitative case study of 23 final year pre-service science 
teachers. It was located in a methodology class that had a specific objective to develop PCK in 
core topics of science. The students were exposed to an explict intervention on developing PCK 
in teaching stochiometry then placed in various High Schools around Johannesburg during 
teaching experience. Data collected was largely during their placement in schools. It consisted 
of qualitative data such as lesson plans, audio recordings of classroom teaching and self -
analysis reports submitted after the teaching experience. Analysis was based on a qualitative 
in-depth method for identification of evidence of teaching segments illustrating pedagogical 
transformation. These are segments where there is evidence of two or more topic specific 
components of PCK defined as Topic Specific Content Knowledge (TSPCK). These were 
called TSPCK episodes. The TSPCK episodes identified in lessons plans and in recorded 
lessons were analysed for identificaton of components present and the nature of interactions. 
These were turned into pictorial TSPCK MAPS.  The analysis of pre-service teachers’ views 
on TSPCK were analysed through a combination of open statements and a science teacher 
belief tool. The findings indicated that TSPCK episodes identified in lessons plans experience 
an authentic expansion, blossoming into a cluster of episodes which still carried out the original 
intention. In some cases the intention could be seen through a similar TSPCK episode in some 
cases the component sequence and identity had changed. Furthermore, pre-service teachers 
showed positive awareness of their own level of teacher development and credited their 
development to the TSPCK framework. Recommendations in this report include promotion of 
the implementation of the TSPCK framework in Initial Teacher Education, particularly in the 
methodology courses with reference to classroom complexity. 
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Chapter 1: General Introduction to the Study 
 
This chapter is an introduction to the study, highlighting the South African context in which 
the research takes place which drives the purpose of the study. I discuss the problems identified 
in the context, the research questions that guide it and provide brief descriptions of the chapters 
comprising the research report. 
 
1.1. Introduction 
 
The South African education system has been rated as sub-standard and failing the youth by 
limiting their future economic prospects (Spaull, 2013). Policy suggestions to improve the 
quality of education include the implementation of nation-wide teacher training (Spaull, 2013). 
Teacher education programmes should therefore strive to arm pre-service teachers with the 
skills and tools they require to deliver quality education. 
One of the common goals among ITE programmes is to develop teachers who can apply their 
learning to actual teaching situations. What Kislov (2014) called turning the “know that” to the 
“know how”. The gap between theory and practice in education has been identified as a 
perennial problem (Korthagen, 2010) that permeates through all disciplines. It is a gap 
identified by Darling-Hammond (1999) as the “Achilles heel of teacher education”. In science 
education the problem is no different. The theoretical construct of Pedagogical Content 
Knowledge (PCK), has emerged as a widely accepted enabler, that forms a bridge between the 
understanding of content the “know that” and its teaching the “know how”. However, there is 
still a long way to be travelled to completely develop a literature on how PCK could close the 
theory-practice gap, and actually understand what changes or transformations actually happen 
as a teacher moves from planning to classroom teaching (Álvarez, 2015). van Driel and Berry 
(2012) suggest that part of assisting pre-service teachers bridge the gap is to recognise the 
connections between their different knowledge bases. In the literature, efforts to uncover pre-
service teachers’ views on their teaching and learning have focussed on content, classroom and 
targets achieved, using CoRes and PaP-eRs (Loughran, Berry, & Mulhall, 2006). Pre-service 
teachers have been able to portray certain components of pedagogical content knowledge 
(PCK) but fewer studies are known about their reflection on their own teaching in relation to 
their planning. This study intends to bring to light the journey undergone by pre-service 
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teachers’ effort to transform content from a planning perspective into their actual classroom 
teaching, and actually evaluate whether they are aware of the process, and what they think 
about it.  
 
1.2. Purpose of the study 
 
The purpose of this study is to illuminate the journey of content transformation by pre-service 
teachers from a lesson plan into the complexity of classroom teaching. Furthermore, to 
determine whether pre-service teachers are able to identify the changes that happen, if any, and 
capture their views of the change and what it means to their learning trajectory.  
 
1.3. Problem statement 
 
The problem of leaving the perennial gap between theory and practice unattended, is that ITE 
programmes would never be able to predict with some certainty whether their graduates would 
be effective teachers or not. It would mean, effectiveness in the actual classroom is left to 
chance and luck! While PCK has grown to be acceptable by the science community as the 
knowledge for teaching science, particularly more effective within topics (Abell, 2008), little 
is actually known about the relationship between PCK seen in planning and that observed in 
classroom teaching. The problem lies in identifying how one kind of reasoning is expanded on 
from a lesson plan to how this reasoned intention plays out in an actual classroom situation. 
For ITE programmes, it means there is no system on knowing whether the strategies used to 
acquire PCK in the first place are actually effective. This study aims to trace the process 
followed by pre-service teachers in their learning to reason and transform content knowledge 
in planning, and that exhibited in actual classroom lessons. Such understanding would assist 
teacher development programmes to implement programmes for PCK development close to 
the real complexity demanded by a classroom context. Furthermore, it is important for teacher 
educators to be aware of the views held by pre-service teachers as they experience their learning 
from planning into the classroom.  
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1.4. Rationale 
 
There is a global call for quality education in schools, better understanding by learners and 
better quality teachers (Taylor, 2015) in terms of having more knowledge of the content they 
teach. In science education in South Africa, the level of science education is said to be poor 
(Spaull, 2013) partly due to the training received by science educators at rural education 
colleges (Mavhunga & Rollnick, 2017).  
 
Figure 1. Overall achievement in Physical Sciences (DBE, 2016) 
The Annual diagnostic report (DBE, 2016) compares the achievement of grade 12 physical 
science learners who wrote the NSC examinations in South Africa from 2013 to 2016 as seen 
in the graph above. There appears to be minimal improvement in the performance of the 
learners in the four consecutive years. The graph indicates that, on average over the indicated 
time period, only 38.8% of matriculants enrolled to write the NSC exam, were able to achieve 
above 40% in physical sciences. The implications of these statistics are that more than 61% of 
physical science learners do not perform satisfactorily and educator accountability and ability 
becomes questionable 
Upgrading the knowledge and skills of practicing educators would require their removal from 
classes where learners still need their educators on a daily basis, an impossible feat. Therefore 
the ideal would be to fast-track the development of pre-service science teachers’ knowledge 
and competencies to deliver understandable lessons as they enter the classroom to teach. Initial 
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teacher education could then be seen as playing a restorative role in science education in South 
Africa (Mavhunga & Rollnick, 2017). PCK is a potentially promising construct to be used to 
implement this ideal. PCK as described by Shulman (1987) is teacher knowledge requiring 
application in planning and develops further in the enactment. At a conceptual level, little is 
documented about pre-service teachers’ development from lesson plans to enactment 
(Mavhunga & Rollnick, 2017), allowing for further research opportunities into the extent to 
which planned TSPCK is translated to enacted TSPCK. This study aims to contribute towards 
the literature by illuminating the progress of enacted TSPCK from planned TSPCK in an effort 
to assist the bridging of the theory-practice gap in initial teacher education.  
 
1.5. Research questions 
 
This study is guided by the following main research question: 
What changes, if any, does TSPCK observed in lesson planning undergo when the well 
reasoned lesson plans are enacted out in the complexity of classroom practice?  
The main research question is investigated through three sub-questions: 
i. What patterns of TSPCK component interactions are observed emerging from pre-
service science teachers’ planning and actual classroom teaching of a physical science 
topic?  
ii. How do such patterns differ from those reported by pre-service teachers from their self-
analysis of their planning and its enactement into classroom practice? 
iii. What views do pre-service teachers hold about the value of TSPCK in their teaching, 
particularly with respect to changes in their TSPCK (if any) from planning to practice? 
 
1.6.  Outline of the research chapters 
 
This study comprises of six chapters. In this, the first chapter, I presented an argument showing 
the problem in science education teacher training presented from a South African viewpoint. 
The rationale suggested the potential contribution of the study to existing TSPCK literature 
The problem statement prompted the formulation of the research questions guiding this study 
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which informs the choice of literature review, theoretical framework and the research design 
the second chapter is the literature review. Here I cover aspects such as the theory-practice gap 
in initial teacher training, reflection as a means to bridge the gap and PCK as a means to close 
the gap in science education. The choice of aspects discussed stems from the nature of the 
research question and my interest in the development of science pre-service teachers. I close 
the chapter with a discussion of my theoretical framework. 
Chapter three describes the research methodology and research methods used to gather data for 
analysis informed by the research questions and theoretical framework. Chapter four analyses 
the data with regard to illuminating the nature of the emerging TSPCK episodes in actual 
classroom teaching as compared to the episodes pre-service teachers planned to teach. The fifth 
chapter analyses the views held by pre-service teaching about their TSPCK and views about 
science education. The final chapter provides an overview of the study, discussing the findings 
in terms of the research questions, with care given to the validity and trustworthiness of the 
findings made. The conclusion will propose recommendations for the improvement of teacher 
education programmes in the future. 
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Chapter 2: Literature Review 
 
This chapter outlines the literature which has been chosen on the basis of the purpose of the 
study. In this study I reflect on few aspects related to the development of pre-service teachers, 
all however, speaks to the perennial problem of the gap between theory and practice. I touch 
on quality of education in South Africa, views held by science pre-service teachers, teacher 
professional knowledge for teaching science and close with a discussion on a theoretical 
framework.  
 
2.1. Introduction 
 
2.1.1 Theory-practice gap in education and science education 
 
Upon enrolling in initial teacher education programmes, students and teacher educators work 
towards the graduation of capable teachers (Hume & Berry, 2011). Pre-service teachers receive 
the bulk of their training as lectures focusing on educational history and pedagogical theories 
(Alexander, 2010). The practical application of these conceptual theories in a classroom 
situation is often far removed from the theories taught during teacher training, with varying 
complex classroom contexts, hence the theory-practice gap (de Swardt, du Toit and Botha, 
2012 Álvarez, 2015). The connections between theory and classroom practice has often been 
left to pre-service teachers to figure out by themselves (Nilsson, 2008). The problem is 
compounded by the misconceptions pre-service teachers often about their content and their role 
in applying the acquired knowledge in practice (Mc Donough, 2012). This leads to the common 
observation that graduating pre-service teachers enter the teaching arena with less confidence 
and ill-equipped for the challenges of dynamic teaching situations in classrooms (Botha & 
Reddy, 2011). In the South African context, there is no coherent and effective induction 
programme for beginner teachers meaning that the theory-practice gap experienced by a 
beginning teacher may take a very long time to be mediated, if at all. 
Suggestions by educational researchers into narrowing the theory-practice gap point toward 
practical perspectives of teaching. McDonough (2012) and van Zyl (2014) advocate teacher 
education programmes which provide opportunities for pre-service teachers to implement 
theory in a practical form that would foster critical thinking and problem-solving skills. Gravett 
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& Petersen (2015) promote guided learning in teaching-schools with extended teaching 
experience, allowing for reflection on these experiences. Loughran & Hamilton (2016) suggest 
systemising pre-service teachers’ pedagogical thinking toward conscious reflective practices 
regarding their pedagogical reasoning. The development of pedagogical content knowledge, 
using specific tools including CoRes (Loughran et al. 2004) and PCK maps (Park & Chen, 
2012) enable pre-service teachers to reason about the transformation of their learnt knowledge 
as they plan to teach it in their classrooms narrowing the chasm between learning and doing. 
 
2.1.2. Reflective teaching working toward closing the theory-practice gap 
 
Dewey (1910) defined reflection as a process of deliberate practice involving, not only a 
sequence of ideas, but a consecutive ordering of ideas, each determining the next, but referring 
to the idea upon which it was built until there is a sustained train of thought leading to a 
common end. Schőn (1983) described the act of reflection as a process of reframing 
problematic contexts in order to develop alternative ways of acting. Reflection is an act of 
thinking about past experiences in order to apply the knowledge gained in hindsight to ensure 
better future experiences (Shulman, 1987). Teachers perform regular reflections on teaching 
episodes to determine the success of lessons, and to assist them in correcting practices they feel 
may have hindered the understanding of their students. Goldman and Grimbeek (2015) state 
that self-reflection is promoted among all teachers in modern educational literature as an action 
ensuring that students experience quality teaching. 
Without reflection, teachers would possibly be in danger of repeating the same teaching 
practices over and over again, whether these practices assist student learning or not. It is not an 
advantageous position to be in as a teacher who has one year’s teaching experience several 
years running! There would be no growth for the individual teacher, the way in which the 
subject matter is taught or student advances in understanding. As Barry and King (1998) stated 
it, “self-evaluation is the hallmark of professionalism!” 
Quality teaching occurs when a teacher knows what to teach and how to teach it under often 
varying conditions. Knowledge to deliver quality teaching cannot be transferred to another 
person in a single teacher training programme, it must be developed with time and teaching 
experience (Morris, 2006). John Dewey (1966) noted that knowledge is constructed when prior 
knowledge interacts with new experiences, developing connections between them in order to 
move forward. The teacher can therefore improve on each teaching episode by mentally 
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returning to the actions of the previous teaching and learning experiences in order to make 
decisions informing future actions. According to Morris (2006) the central skill in learning 
from practice is to analyse teaching in terms of its effects on learning. The teacher needs to ask 
the questions, “What do students learn from particular instructional activities, and how do the 
activities facilitate the learning?” These questions embrace the concept of thinking about 
teaching actions in order to find their answers. Lesson reflections allow teachers to analyse 
teaching and enable teacher educators to determine the level of skills pre-service teachers have 
in order to inform teacher education programmes (Morris, 2006). 
The focus of this study is on the reflective skills of pre-service science teachers, who by 
definition have not accumulated sufficient service time to build a repertoire of episodes upon 
which they can reflect to enhance their teaching strategies. It is the aim of this study to use pre-
service teachers’ self-reflective skills, based on the analyses of their own documented teaching 
episodes in to illuminate how they can make informed choices in the development of future 
teaching practices, enhancing their effectiveness as teachers early in their careers. 
 
2.1.3 Professional teacher knowledge (PCK) 
 
Shulman (1986, 1987) initially defined PCK as the knowledge teachers use to teach to make 
the subject content more understandable for learners. He described it is a synthesis of subject 
matter knowledge, SMK; pedagogical knowledge, PK and knowledge of context.  
PCK is often specific to the teacher who teaches it, with a teacher understanding what is to be 
learned (content knowledge, CK) and how it is to be taught (PCK). Aspects of PCK are 
therefore personal as teachers themselves decide how to phrase their statements and questions 
and their examples, demonstrations, analogies as well as which memory enhancing strategies 
to apply (Mavhunga and Rollnick, 2013). Kind (2009) added that PCK implemented by 
teachers relates to the amount of learning achieved by the learners, an indication of good 
science teaching. She also noted that this construct was elusive and that limited consensus 
existed regarding the nature of PCK among educational researchers, opening an opportunity 
for researchers to finally set forth a more integrated model as a canonical knowledge base of 
teachers. 
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2.1.4 PCK bridging content and pedagogy gap 
 
Key research findings of McDonald, & Dominguez (2010) show that, in order to prepare 
effective teachers, both the knowledge of the subject taught and the ‘knowledge and skill in 
how the subject should be taught, which is PCK, should be presented to them in an ongoing 
fashion. Research studies have shown little in the way of the mechanism of how student 
teachers develop PCK, therefore it is important to make explicit the factors contributing to pre-
service teachers, development of knowledge of how to teach (Nilsson, van Driel, 2011). 
According to Nilsson and van Driel (2011), teacher education programmes offer pre-service 
teachers the first opportunity to reflect on the use of their content knowledge. Reflection of this 
nature enables pre-service teachers to gain an awareness of their understanding of the content, 
the structure and nature of the discipline and the skills they need in order to transform the facts 
into an understandable form for learners (Nilsson & van Driel, 2011). Nilsson and Loughran 
(2011), used CoRes as support for planning and assessing their own learning about teaching, 
upon examination it could be seen that pre-service teachers had developed their skills when 
they were involved in collecting evidence of their achievement and learning how to identify 
their strengths and weaknesses, becoming actively involved in the process of learning about 
teaching. Mc Duffie (2004) stated that once pre-service teachers have learnt how to analyse 
their teaching practices, long-term reflection should be encouraged in pre-service teachers, 
since it will equip them to put together the pieces of individual reflective episodes to revealing 
the pattern that can inform their practices, in time, allowing them to sustain professional 
growth. By encouraging pre-service teachers to reflect on their own teaching  they may develop 
insights into their thinking about the science content, science teaching and their professional 
development. There exists a need to explicate the knowledge used for teaching and to establish 
ways of thinking about science teaching beyond the mere accumulation of pedagogical 
strategies.  
 
2.1.5 A move from PCK to TSPCK 
 
Rollnick, Bennett, Rhemtula, Dharsey and Ndlovu (2008) presented a model of PCK that 
showed how PCK may manifest at classroom level. This model was expanded upon by 
Mavhunga (2012) who defined PCK in a specific topic as a theoretical construct termed Topic 
Specific Pedagogical Content Knowledge (TSPCK). More recent studies shed more light on 
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the specific knowledge that gives PCK its topic specific nature (Mavhunga, 2016). Park and 
Chen (2012) explored the integration among PCK components for two different biology topics, 
photosynthesis and heredity. The authors counted the frequency of connections among the PCK 
components. The results of the study showed that integration among the components was topic-
specific as the more component interactions were observed for the photosynthesis topic than in 
the heredity topic. Furthermore, the PCK components of knowledge of learner and knowledge 
of instructional strategies were found to have the strongest interactions and were more explicit 
in the teachers’ PCK for both topics. A similar study using the PCK pentagon model on 
chemistry topics was conducted by Aydin and Boz (2013). The authors observed the interaction 
of the PCK components in two experienced chemistry teachers' teaching of electrochemical 
cells and redox reactions. Their findings confirmed the observations by Park and Chen (2012) 
that the PCK components of knowledge of learner and knowledge of instructional strategies 
played a more prominent role in the PCK of the teachers’ in both topics. Common across these 
studies is the realization that the topic-specific nature of PCK emerges from components that 
are content specific, such as knowledge of students’ and conceptual teaching strategies in 
specific contents, rather than those that particularly refer to discipline, such as assessment and 
orientations. The findings of the above cited studies, in a way, provide empirical evidence to 
the idea of PCK experienced at different levels, as suggested by the PCK taxonomies of 
Nezvalová (2011) and Veal & MaKinster (1999). 
Mavhunga (2012) developed a model that portrays the transformation of content knowledge 
from five content specific components, Figure 2.1 below. 
 
Figure 2.1. The Mavhunga (2012) model of TSPCK 
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The Mavhunga (2012) TSPCK model comprises of five knowledge components which enable 
the teacher to effectively transform subject matter knowledge: 
1. Learner Prior knowledge. 
Learners’ knowledge about a particular topic before the lesson begins. This knowledge 
includes any misconceptions or alternative conceptions a learner may have. 
2. Curricular saliency. 
This is the understanding of which topics are central or peripheral relative to the 
curriculum as a whole. 
3. What is difficult to teach or understand. 
Specific concepts in a topic that require conscious intervention by the teacher during 
classroom teaching. 
4. Representations. 
 Examples, analogies, simulations or models used to represent subject matter. 
5. Conceptual teaching strategies. 
 Effective instructional strategies used to address difficult or important concepts. 
 
Mavhunga (2012) asserts that when teachers reason about their teaching, they consider a topic 
from the perspective of the five content specific knowledge components. The model offers a 
way to picture PCK at a topic level. Shulman’s (2015) review of the theoretical construct of 
PCK during the first PCK summit confirmed the domain specificity and contextualisation 
nature of PCK. The Mavhunga model (2012) also acknowledges the influence of teacher beliefs 
into the way a teacher would reason through their teaching. Thus, assisting pre-service teachers 
to recognise components of TSPCK and develop teaching strategies according to more learner-
centred beliefs, will better equip them for entering the teaching profession, enhancing the 
performance of learners in their classes. 
 
2.2 Theoretical framework 
 
The theoretical framework for this study is grounded on Shulman’s (1987) description of the 
transformation of content knowledge for effective classroom teaching theoretical concept of 
PCK, particularly at a topic level. Thus the model by Mavhunga (2012) defining the TSPCK 
construct was found more suitable. The need to transform content knowledge is mentioned by 
Geddis (1993) as crucial in ensuring effective teaching and learning take place in the 
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classrooms. I also draw on the consensus model of PCK (Gess-Newsome, 2015) Figure 2.2 
that presents the interrelatedness of the knowledge of the teacher to practice and to learner 
outcomes. I focus on the layer of Topic Specific Professional Knowledge that speaks to the 
topic specific nature of PCK. I use the components of TSPCK from Mavhunga (2012) as 
elements of this layer  
According to Gess-Newsome (2015) the teacher professional knowledge base (TPKB) informs 
and is informed by topic specific pedagogical content knowledge (TSPCK) therefore, although 
these knowledge bases are generic, their power lies in teaching applications to a specific topic.  
 
 
Figure 2.2. Model of the teacher professional knowledge and skill including PCK (Gess-
Newsome, 2015) 
Topic specific professional knowledge is recognised as a professional knowledge category that 
informs all subsequent teaching and learning activities to achieve learner outcomes (Gess-
Newsome, 2015). The consensus PCK model also recognises that teacher beliefs and 
orientations contribute to actions in the classroom (Gess-Newsome, 2015). According to Gess-
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Newsome (2015), the personalisation of knowledge by a teacher, whether to accept or reject 
certain parts of the content or practices are based on the beliefs and views teachers hold. These 
factors are part of the filters and amplifiers that can be taken into account when observing PCK 
in practice and will aid in obtaining more understandable findings with less unexplainable data. 
The one other value derived from distinguishing PCK at a topic as presented in the consensus 
PCK model is that it acknowledges content specific components that could be considered in 
capturing and measuring PCK at a topic. 
 
2.3 Capturing and portraying TSPCK in planning and teaching 
 
PCK is a tacit construct (Loughran et al. 2006), personal to the teacher reasoning about the 
transformation of the content to be taught (Shulman, 1987). In order to have a sense of its 
measure it needs to be observed in different contexts at least in planning and enactment. 
Equipping pre-service teachers for the classroom by developing their TSPCK using reflective 
practices would require teacher educators to work from an explicit knowledge base of TSPCK 
revealed. As prior learner knowledge informs a teacher in lesson scaffolding, so too would 
evidence of pre-service teacher TSPCK inform further development of the construct in teacher 
education programmes. Efforts to capture and record this personalised teacher professional 
knowledge reveals insights into the pedagogic reasoning required to transform content 
knowledge.  
Nezvalová (2011) found that action research allowed the researcher to place themselves in the 
practices of pre-service teachers, allowing insight into pedagogical events. Unfortunately the 
individualistic nature of each case makes formalising the events into a canonical knowledge 
base difficult. Strategies to document PCK included PCK multiple choice questions, concept 
mapping, semi-structured interviews, pictorial representations and video-observations, each 
with their own set of challenges with regard to either developing, administering or analysis 
(Zhou, Wang & Zhang, 2015). Content Representations (CoRes) and professional experience 
repertoires (PaP-ers) showed great promise (Loughran et al. 2006), raising pre-service teachers’ 
awareness and understanding of PCK, enabling them to articulate PCK aspects as they plan to 
teach lessons for the first time (Hume and Berry, 2011). In recent studies aimed towards 
portraying PCK, pre-service teachers and practising teachers were given the opportunity to 
articulate their PCK through videos, designed pencil and paper tools for PCK in specific topics 
like chemical equilibrium chemistry (Mavhunga and Rollnick, 2013), particulate nature of 
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matter (Pitjeng, 2013) and Stoichiometry (Malcolm, 2015). Each capturing method aims to 
make PCK considered in a topic more explicit. 
There is, however, still a need to show how the planned PCK emerges during the actual 
teaching of the planned lessons. Park and Chen (2010) designed PCK maps to illustrate the 
interaction of PCK components during classroom teaching, making PCK explicit for the topics 
taught. Mavhunga (2015) has used the PCK maps to demonstrate the nature of interaction of 
TSPCK components in the planning and subsequent teaching of lessons. This study continues 
to build on this relatively new research path, with the use of TSPCK maps to demonstrate the 
emergence of pre-service teacher pre-service teacher’s awareness of their learning through the 
planning and teaching of specific topics using interacting TSPCK components. 
 
2.4 Pre-service teacher views about education and preparation for teaching  
 
Several science education researchers (e.g. Gess-Newsome, 2015), noted that the views held 
by teachers have an influence on the transformation of content and delivery in the classroom. 
Teachers may present the same content to learners in different ways informed by their views, 
emphasising selected aspects and discarding certain teaching approaches. The beliefs of a 
teacher seem to have notable impact on the teaching and learning process. Gess-Newsome 
(2015) placed teacher beliefs as filters and amplifiers in the PCK consensus model due to the 
strong influence certain beliefs have on the transformation process. Therefore, the views held 
by teachers strongly informs the portrayal of PCK in planning and enacted teaching episodes 
to the extent that it warrants investigation concurrently with the emergence of TSPCK 
components. Luft and Roehrig (2007) note that educational researchers have equated beliefs 
with terms including attitudes, knowledge, philosophies or views. Nilsson and van Driel (2011) 
describe the interconnectedness of views and the beliefs that inform them through reflective 
practices. In this study the reflective practices of pre-service teachers, beliefs and views will 
be considered for the insight they offer about how pre-service teachers think about their 
knowledge.  
In summary, an increased awareness of the interaction of TSPCK components during planning 
and teaching could contribute to the maturing views pre-service teachers hold about teaching, 
strengthening their teaching capabilities as they enter the teaching profession. 
.  
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Chapter 3: Research Methodology 
 
This chapter presents the methodology employed in this study. The chapter begins with a 
revision of the research questions guiding the study, the approach used to guide gathering of 
the data and its consequent analysis that strived to answer the research question. This chapter 
describes the participants, the method of data collection, the type of data collected, and how 
data were analysed to lead to the key findings made in this study. Mention of the ethical 
considerations, validity and reliability are made in order to establish the trustworthiness of the 
study. In conclusion, the chapter summarises the research methods in order to give clarity to 
the findings mentioned in the next chapter.  
 
3.1. Introduction 
 
In this study I sought to illuminate pre-service teachers’ TSPCK as it develops from reasoning 
about teaching a specific topic into their classroom delivery. The starting point acknowledges 
that the classroom teaching process is not simply a transmission of the reasoned plan, nor an 
additive process but requires competence in  transforming content knowledge as a core practice 
in science education (Grossman, Hammerness, & McDonald, 2009). In the backdrop of the 
theory-practice divide mentioned earlier, this study posits that the success towards narrowing 
the theory-practice gap in science education lies in fully understanding the classroom 
implementation of acquired TSPCK. As a result, the study asks the following question: 
What changes, if any, does TSPCK observed in lesson planning undergo when the well 
reasoned lesson plans are enacted out in the complexity of classroom practice?  
The main research question is investigated through three sub-research questions: 
I. What patterns of TSPCK component interactions are observed emerging from pre-
service science teachers’ planning and actual classroom teaching of a physiccal 
science topic?  
II. How do such patterns differ from those reported by pre-service teachers from their 
self-analysis of their planning and its enactement into classroom practice? 
III. What views do pre-service teachers hold about the value of TSPCK in their 
teaching, particularly with respect to changes in their TSPCK (if any) from planning 
to practice? 
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3.2. Research design 
 
This study employs a qualitative research method which falls under the interpretivist research 
paradigm. Qualitative data analysis allows for rich data descriptions (Opie, 2004), enabling 
identifications of themes and patterns but can unfortunately not be generalised and will remain 
specific to the case study. This research method is suitable for my study that seeks to gain 
insight into reasoning about tacit theoretical construct such as TSPCK, and establishing the 
views held by pre-service teachers about their science teaching. The research strategy, used to 
answer the research questions guiding the study (Bertram & Christiansen, 2014), is a case 
study, a systematic, in-depth study of a particular case in its context (Rule & John, 2011, Cohen, 
Manion & Morrison, 2000). The advantage of using this strategy is that it allows an in-depth 
investigation into the tacit theoretical construct that is TSPCK. As a case study limits 
generalisation of findings (Cohen, Manion & Morrison, 2000) my sample participants included 
the entire cohort of fourth year students in the methodology class in order to add strength to 
the identified patterns discovered during analysis.  
 
3.3 Background to Participants 
 
The participants in the study were 23 final, fourth year science education students attending a 
university in Johannesburg, South Africa in 2015. The university offers the B. Ed teacher 
qualification degree, where both the content courses and methodology courses are taught in the 
same department. All participating pre-service teachers originated from disadvantaged 
communities in South Africa and attended that particular university since their first year of 
teacher education. The participants all shared a common goal of majoring in physical science 
at the end of the academic year. 
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3.4. Treatment received 
 
The chemistry methodology course has as its core objective the development of TSPCK in core 
topics of chemistry and physics. Mavhunga and Rollnick (2017) documented the intervention 
as a signature treatment assisting with the development of specialised professional teacher 
knowledge one topic at a time over a six-week period. The topic used in 2015 was 
stoichiometry. At the heart of this intervention is the development of an understanding that 
teaching as a practice involves transformation of the teacher's understanding of content 
knowledge. In the treatment, pedagogical transformation of content knowledge is achieved 
through the introduction of the five components of TSPCK and also learning to use them 
interactively in formulating explanations. The components were introduced in the sequence: 
Learner Prior Knowledge; Curricular Saliency; What is difficult; Representations and 
Conceptual teaching strategies. Each component discussed over 3 hours in a week. The final 
week was used to emphasize interactions among the components. In addition, they were 
introduced to the in-depth qualitative analysis method for evidence of TSPCK episodes in their 
planning to teach efforts. They were further exposed to reflective practices that required open 
statements in various tutorial submissions. Teacher science beliefs were also mentioned to them 
as influencing teachers’ orientation towards teaching, but no detailed discussion on them was 
done. Upon completion of the intervention, pre-service teachers were placed in secondary 
schools near Johannesburg for teaching experience where they applied their knowledge during 
planning and actual teaching of lessons. In the schools, pre-service were to teach various 
different physical science topics according to the plan of the placement school. 
 
3.5 Data collection  
 
Data was collected late in 2016, retrospectively from the archives of the methodology course 
where pre-service teachers received treatment. These included their teaching plans and thick 
descriptions of their lessons where they indicated the TSPCK components present in the 
teaching episodes in the form of TSPCK maps (Park & Chen, 2012). Teaching episodes were 
defined as instances during planning or teaching where there is evidence of two or more 
interacting TSPCK components present (Mavhunga, 2014). An examination equivalent 
completed by the pre-service teachers at the end of the methodology course contained their 
views regarding teaching, the construct of TSPCK and their development as teachers.  
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The qualitative data collected comprised mainly of the following: 
• Lesson plans from teaching experience 
• Transcripts of audio recordings of actual classroom lessons corresponding to lesson 
plans 
• Submitted-self-analysis reports. These were reports where pre-service teachers 
analysed their planning vs. their actual teaching during teaching experience. 
• Completed science teacher belief tools 
• Open statements reflecting on the value of TSPCK. 
 
(i) Details of Lesson plans 
The lesson plans were prepared 23 by pre-service teachers during their placement 
on teaching experience based on the topics they would be teaching at their 
placement schools. 
(ii) Details on Transcripts of audio 
Lessons taught by 23 pre-service teachers were audio-recorded. This served as the 
information source they would use to identify TSPCK episodes and the components 
they comprised of. 
(iii) Details on submitted self-analysis report 
23 Pre-service teachers used the lesson plans and classroom transcripts in order to 
identify TSPCK episodes. Analysis of these episodes entailed listing of the TSPCK 
components found in each episode and mapping out the interactions between the 
components in the form of TSPCK maps. The pre-service teachers completed their 
self-analysis by commenting on the TSPCK evident in their teaching. 
(iv) Details on completed science teacher beliefs 
At the end of the methodology course, pre-service teachers wrote an examination 
equivalent containing open-ended questions regarding their beliefs about teaching 
and science education.  
(v) Details on open statements 
The research reports of pre-service teachers’ analysis of TSPCK episodes contained 
open statements about their use of the TSPCK components in their lesson planning 
and actual classroom teaching. Many of these statements reflected their beliefs 
about science teaching. 
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Upon receipt of completed projects and examinations, each student’s project was assigned a 
specific pseudonym, with all references made to the responses on these reports and exams 
discussed using the pseudonyms to distinguish the respondents from each other. Electronic 
scans were made of each page for safekeeping purposes. Cover pages containing personal 
information of the participants were removed and stored separately in order to maintain the 
anonymity of the pre-service teachers.  
3.6. Analysis 
 
3.6.1 Analysis of TSPCK episodes in lesson plans and audio recordings. 
 
The study of measuring TSPCK levels of pre-service teachers is relatively new, therefore I 
followed an in-depth qualitative analysis method of gathering data of the construct. In this 
method, a teaching segment that contains a TSPCK episode is first identified. A TSPCK 
episode is defined as evidence of two or more TSPCK components interacting together. In 
lesson plans, this was done by content analysis of plans, in audio recordings this was done by 
extracting specific extracts. The identified teaching segments are first analysed for identity of 
the components of TSPCK present. Then, analysis is made to describe the sequence in which 
the components emerge e.g. one after another (linear form) or interactively. The description of 
the sequence gives insight into the nature of the TSPCK episode. The analysis is presented as 
a TSPCK map. A TSPCK map is a pictorial presentation exhibiting the way in which the 
components that are present interact (Park and Chen, 2012). Each component in the TSPCK 
MAP was represented by a labelled circle, the labels being abbreviations of each TSPCK 
component. The components were abbreviated as follows: 
LP- Learner Prior knowledge 
CS- Curricular Saliency 
DIF- What is difficult to understand 
R- Representations 
CTS- Conceptual Teaching Strategies. 
Two raters analysed the data for TSPCK Episodes following a discussion on rules for coding. 
An example is given below.  
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Figure 3.1. Example of a typical TSPCK map 
The TSPCK map shows three components present, LP, CS and R. The touching of the 
component circles represents a link between the components, whereas the arrow indicates the 
direction of the sequence in which the components feature in the episode based on the writings 
in the lesson plans or the transcripts of the actual lessons.  
 
3.6.2 Analysis of the comparison of TSPCK in lesson plans vs classroom. 
 
I tabulated the two sets of TSPCK maps. Firstly, I analysed the TSPCK maps according to how 
the pre-service teachers had described to authenticate the components listed by the pre-service 
teachers in each teaching episode. I determined which TSPCK components were used by pre-
service teachers for planning vs. teaching, searching for correlation between their planning and 
practical maps and accuracy of the components they listed according to the working definition 
of TSPCK and the components according to the Mavhunga (2012) model. The TSPCK 
episodes were finally matched based on intentions from planning to enactment, and analysed 
in terms of the nature of the component interactions in the context of the lesson topic.  Table 
3.1 shows an example 
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Table 3.1 .Lesson transcript and accompanying TSPCK map constructed by Jane 
Transcript from the classroom lesson TSPCK map 
 
 
 
Jane used the transcript of a lesson on pulses in order to identify the TSPCK components used 
to deliver the lesson. She then constructed the accompanying TSPCK map in the right hand 
column, depicting the interaction between these identified components. 
The research projects of the 23 participating pre-service teachers were analysed with respect to 
the TSPCK maps they designed for the planning phase of their lessons and the actual teaching 
of those lessons in order to identify emerging patterns in the cohort.  For presentation of 
analysis, four participants were identified from the data as most clearly representing the 
emerged patterns from the analysis process to be set out in this project, although reference to 
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examples from the other participants have been made when assistance was needed to highlight 
points of importance 
 
3.6.3 Analysis of self-analysis reports 
 
Final year physical science pre-service teachers were required to complete mini-research 
projects identifying and analysing the quality of TSPCK by reflecting on their teaching 
experiences. They were expected to describe the TSPCK episodes and corresponding MAPS 
of their planning and teaching of their topics presented at their teaching experience. They also 
defined TSPCK episodes as instances in planning or teaching where two or more TSPCK 
components were found operating together in a teaching segment of a lesson. For their analysis, 
the pre-service teachers identified TSPCK components in their planning by compiling TSPCK 
maps. Pre-service teachers then transcribed audio recordings of actual classroom lessons to 
find evidence of TSPCK episodes from their teaching experiences and drew accompanying 
TSPCK maps. The created TSPCK maps were used by pre-service teachers to describe how 
the evidence in the lesson plans and classroom lesson transcriptions were evidence of TSPCK. 
They then wrote reflections on the process, including what their beliefs about their own 
knowledge as pre-service teachers were, and their progress and abilities after completing the 
course.  
I analysed these reflections of each report in order to determine the recurring themes coming 
to the fore in the development of the pre-service teachers. I also analysed these reports to 
indicate whether I agreed with the analysis, following the in-depth qualitative analysis 
technique based on the evidence, such as the extract or description presented by the pre-service 
teachers. 
 
3.6.4 Analysis for pre-service teacher views 
 
In this study I considered ‘views’ as a combination of freely expressed statements and science 
teacher beliefs. Teacher beliefs are personal constructs that provide understanding of the 
teacher’s practices (Luft & Roehrig, 2007) serving as a lens for class activities, enabling teacher 
education programs to continue developing science teachers. Nilsson and van Driel (2011) 
describe the interconnectedness of views and the beliefs that inform them through reflective 
practices. Luft and Roehrig (2007) previously explored teacher beliefs by conducting semi-
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structured interview with teachers to document teacher beliefs. They asked key questions given 
below: 
1. What does teaching science mean to you?  
2. How can you increase chances for student learning in your science classroom? 
3. Describe how you perceive your role as a science teacher?  
4. During your school teaching experience, how did you know when your students 
understood what you taught them?  
5. In a school setting, how do you decide what to teach and what not to teach?  
6. How do you decide when to move on to a new topic in your classroom?  
7. How do your students learn science best?  
8. How do you know when learning is occurring in your science classroom?  
My study analysed the responses on these questions by employing the science teacher belief 
MAPS designed by the authors (Luft and Roehrig, 2007) for analysis.  The MAPS are criterion 
based and required matching of pre-service teachers’ responses with the criteria to determine 
the category.  According to Bertram and Christiansen (2014) the method chosen to analyse the 
data must be the most effective in obtaining the information needed to answer the research 
questions. Although the use of an open-ended questionnaire has the disadvantage of being 
unable to fully explain why a certain response was given, the value of using a structured 
questionnaire such as the science teacher beliefs containing closed ended questions, yielding 
quantifiable information about the group would not have elicited the descriptive responses from 
the participants required to answer the research questions (Bertram & Christiansen, 2014). 
Using the rubric to analyse the beliefs elicited by pre-service teachers in the test answers would 
allow me to gain insight into their thinking that cannot be captured through observation of 
teaching activities (Luft & Roehrig, 2007). Ahmed, Lubben & Sadeck (2014) performed a 
similar study eliciting data from teachers expressing their opinions and views on the use of 
socio-scientific scenarios in science teaching, and searched for similarities in the respondents’ 
answers to find patterns of similarities in responses. I am searching specifically for evidence 
of the use of TSPCK and reform-based teaching beliefs in their answers, and find it more 
appropriate to place these as criteria in the rubric to narrow the search specifically for these 
items. Jonsson & Svingby (2007) studied the advantages of the use of rubrics in educational 
24 
 
research and concluded that rubrics are a reliable scoring tool, especially if they are analytic 
and topic-specific. Rubrics make the criteria of the study specific, facilitating feedback 
(Jonsson & Svingby, 2007). There are limitations to the instrument I am using as the 
identification of teacher beliefs is a difficult task given the concern that participant responses 
to the questions may represent the intention to perform certain behaviours and the behaviours 
that they would perform in reality. Jonsson and Svingby (2007) mention that a drawback of 
rubric use lies in the validity of judgement of performance assessment, requiring a more 
comprehensive framework of validity if the rubric is to be validated. 
The data collected is called textual data, but can be converted to numerical data to identify 
pattern formation and can be difficult to analyse therefore, care should be given to the tool that 
analyses the responses given, reason being that the researcher can struggle to compare 
responses that have little in common (Cohen, Manion & Morrison, 2007). Therefore, I found 
it to be a better option to analyse the answers according to a rating scale from traditional-type 
views to reform-based answers according to the type of descriptors I used to describe different 
forms of the same type of category in the rubric. Therefore, each category of answer was 
allocated at least three descriptors depicting the category to allow for the variances in the types 
of answers given by the participants, to still be described according to the categories. 
Below is a segment of the rubric, with the entire rubric to be found in Appendix 3. 
Figure. 3.2: Extract of the adapted Beliefs rubric. 
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The analysis of pre-service teachers’ open statements of reflections on TSPCK were analysed 
through content analysis. 
 
3.7 How validity and trustworthiness was ensured 
 
Trustworthiness in this paradigm is ensured by detailed descriptions of the data (Bertram & 
Christiansen, 2014), and data has been kept authentic and I have attempted to reflect the 
experiences of the participants as accurately as possible. At the beginning of the in-depth 
analysis, a second rater analysed some of the participants’ TSPCK maps in order for an 
agreement to be reached regarding the coding and analysis of the maps and rubric of teacher 
beliefs. For this reason, whenever an analysis was made, an extract of the original document 
was included in the analysis tale with sections leading to the analysis highlighted to indicate 
how the deduction or identification of the component or episode was made to attempt to 
eliminate the shortcoming of multiple interpretations of the data. The beliefs rubric was adapted 
from an original, piloted and proven rubric by Luft and Roehrig (2007) ensuring the 
trustworthiness of the data on teacher beliefs.As a result, validity was enhanced in order to 
ensure that the interpretations of all data sets were authentic and convincing to other 
researchers. 
 
3.8 Ethical issues 
 
Before analysis of existing reports, I applied for ethical clearance, see appendix 1, to perform 
the research. Data collection assured individual anonymity and preservation of confidentiality. 
The names of the pre-service teachers have not been used for analysis purposes as pseudonyms 
have been assigned. Each participant received an information sheet, explaining the nature of 
the research project. Participants were asked to sign a letter of consent, agreeing to be part of 
the study, and to be audiotaped during the interview process. The risk identified is low to the 
participants due to the fact that they have already completed the reports as part of the course 
they attended. Participants completed the cover page of the report containing personal 
information but they were informed that these details are used to create a demographic for the 
study only. When analysis of the resulting reports commences, each will be allocated a 
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pseudonym with which all future analyses will be referenced. Participants will be told that their 
reports will be coded to ensure anonymity. The names and details of individual participants 
have not be used for analysis purposes. The names are only needed for identity when merged 
with the larger database for this study. 
Each participant was given a consent sheet to complete before they completed the research 
report. They have been informed that their names will not be mentioned as part of the study. 
The reports will finally be kept in a safe place by the supervisor for three years and will then 
be destroyed. All documents, interview sheets and audiotapes will be kept in a safe place with 
the research supervisor to ensure that there is no unauthorised access to the information. 
 
3.9. Conclusion 
 
The data from pre-service teachers’ research reports and exam equivalent were analysed to 
indicate the levels of TSPCK held by the pre-service teachers and determine congruency 
between their identification of TSPCK and that of a researcher with many years’ teaching 
experience, and research experience in TSPCK. Analysis will show that TSPCK episodes 
identified in lesson plans experience authentic expansion into a cluster of episodes while 
maintaining the original intention of the lesson. The analysis of the pre-service teachers’ views 
will give insight into their level of belief development toward a learner-centred teaching 
approach. Results will therefore attempt to determine whether pre-service teachers who are 
exposed to TSPCK intervention, are aware of their learning and the object of learning and 
which factors in their learning has helped them to develop. 
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Chapter 4: Analysis of pre-service teachers’ TSPCK in their lesson 
planning and actual teaching 
 
In this chapter, I will present the findings of my qualitative evaluation of pre-service teachers’ 
analysis of their research reports, where they presented their analysis of their own classroom 
practice. The reports reflected on the quality of TSPCK in their planning and enacting of their 
own classroom teaching. The pre-service teachers’ reports included TSPCK maps based on 
their lesson plans and the transcripts of the lessons they taught during their practical teaching 
experience. The findings will show how pre-service teachers identified evidence of the 
transformation of their content knowledge. Furthermore, show how authentic their 
identifications of TSPCK episodes are in relation to an operating definition of TSPCK, and 
whether there is agreement between their analyses and mine. In conclusion I summarise the 
findings in relation to the research question investigated. 
 
4.1. Introduction 
 
Final year physical science pre-service teachers’ projects were part of a requirement in the 
chemistry methodology course. The project required them to plan for lessons in specific topics 
and then to teach them with audio/video recordings, and upon reflection of both, identify the 
TSPCK episodes present in lesson plans and those displayed in the lessons they taught. In brief, 
the method of analysis requires identification of teaching segments or extract of lessons plans 
that contain TSPCK episodes. These are then analysed by identifying components of TSPCK 
present and describing their interacting nature. TSPCK maps that correspond to the analysis 
are then drawn to pictorially present the identified TSPCK episode. Pre-service teachers then 
reported on their analysis and qualitative evaluations through research reports. In this chapter, 
I report on findings from examining and evaluating their analyses for emerging patterns, the 
authenticity and accuracy of their analyses and findings about the quality of their TSPCK. The 
evaluation of the pre-service teachers’ analyses establishes a baseline for shared interpretations 
of data analysed by pre-service teachers and myself as a matured researcher, and therefore the 
extent of the authenticity of the patterns observed in this study as a whole. 
The findings are with respect to the first research question on what patterns of TSPCK 
component interactions emerge from pre-service science teachers’ analysis of their own 
planning and actual classroom teaching.  
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4.2. Analysis  
 
The submitted research project reports were analysed by examining the extracts of lesson plans 
and teaching segments presented as containing TSPCK Episodes and the corresponding 
TSPCK maps drawn. The authenticity of their TSPCK episodes and component identification 
were determined by focusing on the extent of agreement that existed between the TSPCK 
episodes identified by the pre-service teachers and those I was able to identify using their 
descriptions/extracts. The TSPCK maps drawn by pre-service teachers for planning and actual 
classroom teaching were compared to the descriptions of lesson plans and transcripts of taught 
lessons. During analysis, episode identification was made in the written descriptions first and 
then matched to the TSPCK maps. I inserted descriptors with arrows pointing to the 
components for identification and correlation purposes. This assisted in ensuring that the 
components and episodes identified by the pre-service teachers were authentically depicted in 
the TSPCK maps they had drawn. 
 
4.3. Findings 
 
Analysis of the data revealed three key findings: Firstly, there were notably more TSPCK 
episodes in the pre-service teachers’ analysis of actual teaching of the topics as compared to 
the episodes they identified in their planning, while the intentions of the lessons from the 
planning context is maintained and delivered in the actual classroom teaching, despite the 
difference in the quantity of TSPCK episodes. Secondly, there was an overwhelming 
agreement between their submitted analyses of TSPCK observed in their lesson plans and 
classroom practice with the analysis I did from the data they have used. Thirdly, TSPCK 
Episodes generated from specifically planned intentions could be vividly distinguishable in the 
classroom delivery as clusters of episodes. Evidence of the emergent patterns is first unpacked 
in the discussion below. 
 
4.3.1. The comparison between TSPCK episodes in planning versus actual teaching. 
 
A comparison was made of the analyses of the pre-service teachers regarding the number of 
TSPCK episodes identified in their lesson plans versus the TSPCK episodes identified in actual 
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classroom teaching of those planned lessons. The analysis was based on lesson plans and 
observations of two lessons per participant. TSPCK episodes were analysed to determine the 
intention of the lessons by noting the components in the TSPCK episodes of the planned and 
enacted lessons in order to show whether there was an increase in the number of episodes in 
teaching versus planning. Any additional episodes were then analysed as per their component 
composition ratio to determine whether the lesson was merely expanded on and if the original 
intention of the lesson was maintained. TSPCK episodes were condensed to allow clear 
indication of the nature of the episodes in terms of integration of components, and when the 
components merely succeeded each other during the episodes. Upon matching transcripts and 
descriptions to the TSPCK maps, analysis was done on the extent to which the TSPCK maps 
represented the activities taking place in the classroom. The total sample of 23 participants 
were analysed. Table 4.1 presents the overview pattern. 
Table 4.1. Table comparing the number of TSPCK episodes in planning vs. teaching. 
Participant No of 
identified 
TSPCK 
Episodes in 
Planning 
No of 
identified 
TSPCK 
Episodes in 
classroom 
Vuyo  1 5 
Buhle * 6 12 
Jesse 3 7 
Tony 7 9 
Sipho * 6 8 
Philani 2 4 
Zandi * 2 4 
Jonah 3 4 
Debra 3 4 
Willy 1 2 
Petrus 0 3 
Nonhlanhla 0 2 
Patience 0 4 
Mpho 7 7 
Tersia 2 2 
Alex 3 3 
Pulane 2 2 
Joe 2 2 
Jane * 8 6 
Helen 3 2 
Cindi  3 2 
Jack 1 0 
Elias  3 2 
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The table has two columns that display the amount of TSPCK episodes correctly 
identified by the pre-service teachers in the lesson plans and actual teaching and 
confirmed by the researcher. The participants set aside for in-depth analysis are indicated 
with an asterisk. From the table it can be seen that there were numerically more episodes 
in the actual teaching of the topic than in the planning for teaching. For some of the pre-
service teachers, the number of episodes were listed as zero due to the fact that either I 
was unable to agree with the episodes at all, or that I was unable to verify the episodes 
due to the lack of transcripts in the reports submitted, as in the case of Nonhlanhla and 
Petrus. The effect is that is seems that there are in some participants less teaching episodes 
than planned episodes, but the table only indicates the number of episodes I was able to 
verify. In the reports themselves, there were more teaching episodes in general, but I did 
not include them in order to maintain the reliability of the episodes I do mention in this 
study. Due to the fact that, from the 23 participating pre-service teachers, 13 of the 
teachers clearly exhibited more teaching episodes than what they had indicated in their 
lesson plans. I decided to focus my in-depth study of their TSPCK maps on 4 teachers to 
illustrate best the display of the pattern showing expanded TSPCK episodes in classroom 
contexts. 
A key finding was revealed in the comparison of the TSPCK maps of the lesson plans and the 
actual classroom teaching. TSPCK episodes displayed in lesson plans expanded into more 
episodes or more repetitions of components when acted out in actual classroom lessons. Single 
planned-for episodes blossomed into clusters of TSPCK episodes during teaching. Figure 4.1, 
of Zandi’s first lesson as illustrated below shows the mechanism of expansion of the episodes 
from planning to teaching, indicating the original episode from the planned episode as it plays 
out in the actual classroom teaching. 
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Figure 4.1. Zandi’s first lesson showing the expansion of TSPCK episodes in classroom 
enactment. 
In the lesson plan as featured in the left hand side of Figure 4.1, the big idea (CS) brought 
across to the learners was about the existence of two kinds of charges. Zandi planned a to use 
a conceptual Teaching Strategy (CTS) to of comparing the two charges and differentiating 
between a neutral object, electron-deficient object and an electron-rich object. The CTS 
component integrated with the component of representations (R) as he planned to use sticky 
tape as part of his visual representation of attractive electrostatic forces.  
The actual classroom teaching TSPCK episodes featured in the right hand side of Figure 4.1 
expressed the same big idea,with the original planned TSPCK episode in colour to indicate 
where the episode exhibited itself in the actual delivery of the lesson.The sequencing of the 
lesson was expanded first reflecting awareness of the pre-service teacher of the need for 
discussing pre-concepts (structure of an atom) before discussing charges. The expansion is 
noticed again much further into the lesson with an additional TSPCK Episode LP/R/CS. This 
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expansion occurred due to the verbal interactions the teacher had with the learners. The pre-
service teacher seem to have noted that the learner prior knowledge (LP) was focussing on the 
everyday definitions of the terminology used. He acknowledged the importance of addressing 
learners’ prior knowledge to prevent the formation of misconceptions. He then added more 
representations displaying different types of charges before summarising with equations 
representing the concepts. Figure 4.1 shows an expansion of the TSPCK episode, while still 
maintaining the essence of the planned lesson. Given below is a sample of extracts from lesson 
plan versus observations of the four teachers from which the TSPCK Episodes shown in Figure 
4.1 were drawn. The episodes drawn by the pre-service teachers for their subsequent lessons 
can be found in appendix 2. 
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Table 4.2 Comparison of TSPCK episodes in planning and classroom teaching. 
The episodes represented in the table were created by the pre-service teachers, authentication and descriptions on the TSPCK maps were 
done by myself to generate secondary data. The descriptions were taken from the lesson plans and classroom teaching transcripts, and inserted 
appropriately next to the TSPCK component it reflected. This made for easier understanding of the nature of the interacting components 
without having to keep referring to the original transcripts for clarity. 
Jane Stoichiometry 
Lesson Plan 1 
Introduction 
 
 
Body 
Lesson1-stoichiometry 
 
 
Body 
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Conclusion 
 
 
 
 
Conclusion 
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Buhle Lesson 1 
Potential Difference and current 
 
 
 
 
 
Lesson 1 
Potential difference and current 
 
 
 
 
 
 
36 
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Zandi 
 
Lesson 1 
Two kinds of charges 
 
 
 
 
 
39 
 
 
There exists a clear trend that more TSPCK episodes are visible in the classroom enactment of 
the planned lesson as can be seen in Table 4.4 below. The reasoning behind the planned 
episodes appear expanded upon when enacted in an actual teaching situation with all the 
complexities found in the class. 
 
4.3.2. Planned TSPCK episodes were expanded in actual classroom teaching 
 
To elaborate on this finding, a table of TSPCK sequences is provided below. In the Table the 
pictorial TSPCK Maps shown in Table 4.3, each episode was represented as a sequence of 
components as depicted in the last two columns of Table 4.3 above, are shown as TSPCK 
sequences for simplification. A TSPCK sequence is a simplified representation of the TSPCK 
episode using a forward slash in the episode indicates integration between the listed 
components i.e R/DIF, and the dash indicates the order of the sequence i.e. LP-R as shown in 
Table 4.3 below.  
Table 4.3. Number of episodes present in planning and teaching. 
Participant Lesson 
number 
Number 
of 
episodes 
present in 
the lesson 
plan 
Number of 
episodes 
present in 
the actual 
teaching 
segment 
Components 
featured in the 
episodes for 
planning 
Components 
featured in the 
episodes for actual 
teaching 
Sipho 1 2 4 
EPISODE 1 EPISODE 1 
LP-
R/DIF/CTS R/DIF 
EPISODE 2 EPISODE 2 
R/DIF-CS R/DIF-CS 
  EPISODE 3 
  R/DIF/CS 
  EPISODE 4 
  LP/CS 
    
  2 2 3 
EPISODE 1 EPISODE 1 
LP-CS/R-
LP/R LP/CS-R 
EPISODE 2 EPISODE 2 
CS-R/CS LP-CS 
  EPISODE 3 
  LP-CS-R 
    
  3 2 1 EPISODE 1 EPISODE 1 
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Participant Lesson 
number 
Number 
of 
episodes 
present in 
the lesson 
plan 
Number of 
episodes 
present in 
the actual 
teaching 
segment 
Components 
featured in the 
episodes for 
planning 
Components 
featured in the 
episodes for actual 
teaching 
LP-R/DIF LP-LP-R/DIF 
EPISODE 2   
R/CS   
    
  TOTAL 6 8     
Jane 1 4 2 
EPISODE 1 EPISODE 1 
CS - DIF LP-LP/DIF/CS 
EPISODE 2 Could not agree on the other episodes 
CS- LP-CTS EPISODE 2 
EPISODE 3 LP-DIF-CS 
LP/CTS   
EPISODE 4   
CS-DIF   
    
  2 4 4 
EPISODE 1 EPISODE 1 
CS/LP/CS LP/CS/R 
EPISODE 2 EPISODE 2 
LP/CS/R LP/DIF/CTS-CTS/CS 
EPISODE 3 EPISODE 3 
R-CS CTS/CS/CTS/CS 
EPISODE 4 EPISODE 4 
DIF/CS LP/CTS/DIF 
    
  TOTAL 8 6     
Buhle 1 3 5 
EPISODE 1 EPISODE 1 
CTS/R/LP-
CS LP/CS-R 
EPISODE 2 EPISODE 2 
R/DIF-CS R/CS/LP-DIF/LP/CS 
EPISODE 3 EPISODE 3 
R/DIF-CS/LP LP/CS/R-DIF 
  EPISODE 4 
  CS/DIF/R 
  EPISODE 5 
  CTS/DIF/R-
LP/CS 
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Participant Lesson 
number 
Number 
of 
episodes 
present in 
the lesson 
plan 
Number of 
episodes 
present in 
the actual 
teaching 
segment 
Components 
featured in the 
episodes for 
planning 
Components 
featured in the 
episodes for actual 
teaching 
  2 2 2 
EPISODE 1 EPISODE 1 
R/LP/CS R/LP/CS/DIF/CTS 
EPISODE 2 EPISODE 2 
CTS/CS/LP-
R CS/DIF/LP-R 
    
  3 1 5 
EPISODE 1 EPISODE 1 
LP-CTS/CS-
R LP-DIF/CS/R 
  EPISODE 2 
  CS/DIF-LP/R 
  EPISODE 3 
  CS/R/DIF-LP 
  EPISODE 4 
  CS-LP/R 
  EPISODE 5 
  CS/LP/R 
    
  TOTAL 6 12     
Zandi 1 1 4 
EPISODE 1 EPISODE 1 
CS-CTS/R CS/R-CS 
  EPISODE 2 
  CS/R    
  EPISODE 3 
  LP/R/CS 
  EPISODE 4 
  R/CS 
    
  2 1 0 
EPISODE 1   
CS-CS/CTS  
   
  TOTAL 2 4     
 
The first column of the table contains the assumed names of the pre-service teachers. In 
the second column, the number of the two representative lessons are indicated. In the 
table it can be seen that there are more TSPCK episodes found in the actual teaching of 
the topic as seen in the last column than in the planning of the lesson. Lesson plans were 
described in a more packaged format according to generic lesson plans they were taught 
in their training classes but as they presented the lessons, they use TSPCK components 
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in a more expanded way. In their lesson plans, their references to specific components, 
for example CS are during the teaching episode changed to R and CTS. Comparisons 
made between the planned and enacted episodes show that the component types used for 
the specific topics were maintained, indicating that the intention of the planned lesson 
was maintained, but there were more clusters of the component groupings to be found in 
actual classroom teaching, possibly due to the teacher interacting with the learners and 
associated complexities in the classroom in order to bring the topic across to the learners. 
Participant Jane shows a smaller number of episodes than for planning, but actually did 
have more episodes, I did not include them in the analysis since I was unable to agree on 
the episode component description based on the lesson transcripts, and therefore still 
contribute to the trend in terms of frequency counts. The additional episodes found in the 
actual teaching segments indicate that the same components were used as in the planning 
of the lesson, in general, but that during the teaching of the concept, the pre-service 
teacher expanded the use of the components increasing the number of episodes, while 
maintaining the component theme of the lesson. 
Upon comparison between the frequency of components used during planning and 
teaching, there is great similarity in the types of components used, indicating that, even 
though there were more teaching episodes present in the teaching sequences, they still 
focused on using the same components as were originally planned for.  
Table 4.4. Frequency count of the components evident in the TSPCK episodes in planning and 
teaching. 
Frequency count of components for planning versus teaching 
Participants   Components present in planning  Components present in teaching 
  LP CS DIF R CTS  LP CS DIF R CTS 
Sipho   5 5 3 6 1   6 6 4 6 0 
Jane   4 8 3 2 2   6 6 4 1 5 
Buhle   5 6 2 6 3   12 13 9 12 2 
Zandi   0 3 0 1 1   0 0 0 0 0 
TOTAL   14 22 8 15 7  24 25 17 19 7 
%   21 33 12 23 11   26 27 18 21 7.6 
Ratio in which 
TSPCK 
components were 
used by pre-
service teachers 
 1.91 3.00 1.09 2.09 1.00  3.42. 3.55 2.37 2.67 1.00 
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Table 4.4 shows the frequency of the appearance of each component in the analysed 
episodes. The headings differentiate between the five components in planning and the 
last columns, the components identified in the teaching TSPCK episodes. Totals were 
calculated for each of the components featured across the four pre-service teachers, and 
the totals were converted into percentages. The percentage frequency of the components 
identified were converted to ratios in order to facilitate a comparison between the 
frequency of component use in planning and teaching. The table ratios show that the most 
frequently used components were LP, CS and R, in order of frequency, which were also 
the combination of components found to feature prominently in similar research done by 
Mavhunga (2015). The components DIF and CTS featured the least in planning and 
teaching episodes. It is possible that pre-service teachers gain the skills to use the 
components LP, CS and R before the lesser used components and therefore feature a 
smaller number of DIF and CTS in their TSPCK maps. 
It becomes clear to see that, although there were more teaching episodes, featuring more 
components, the ratios and order of frequency used remained constant, indicating that the 
taught lessons were expansions of the planned lessons, and the original intention of the 
lesson, the use of specific components, was maintained. 
The TSPCK maps in table 4.2 point out what is happening in the lesson plans and in the 
classroom as the transcripts and explanations the participating pre-service teachers wrote 
to describe their episodes were used to design the labels for the maps. Using the arrows 
as a sequencing guide, it is possible to see the layout of the lesson based on the 
components used. Using one of the maps of Buhle, who was teaching the concept of 
potential difference and current, the map shows that the components LP and CS were 
integrated, using the learners’ prior knowledge from previous lessons in order to 
emphasise what potential difference is and how it relates to the circuit. These two 
components were the foundation for the teacher to be able to use apparatus to perform a 
demonstration to explain potential difference in a meaningful manner, whereas it would 
have been difficult for learners to understand the demonstration if the prior knowledge 
was not linked to the current apparatus. 
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Figure 4.2. TSPCK map showing class activity from Buhle. 
Of the episodes that are shown in table 4.2, the activities planned for and enacted in the 
classroom can be noted. A comparison of the planning and actual lesson reveal that the 
intention of the planned lesson was kept during the taught lesson, but expanded on the 
original episodes.  
For example, the first lesson of Sipho as seen in Figure 4.3 contained two planned 
episodes where the pre-service teacher would teach the concept of limiting reactants by 
first recapping what learners already knew about stoichiometry by using a diagram of a 
difficult concept to assist learners to create their own understanding. Secondly the pre-
service teacher planned to use an analogy to explain what was known to be a difficult 
section of limiting reactants. 
Sipho 
 
Lesson 1 
Limiting reactants 
 
 
 
Lesson 1  
Limiting reactants 
 
Figure 4.3. TSPCK maps in planning and teaching of limiting reactants by Sipho. 
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In the actual teaching of this lesson, 4 definite episodes were noted, where the pre-service 
teacher started the lesson by doing a calculation of a difficult section of stoichiometry. 
This episode is similar to the first planning episode as the planning episode didn’t specify 
how the recap was done and could resemble what was actually done in teaching. The 
second and third teaching episodes resemble an expansion of the second planned episode. 
The pre-service teacher used a diagram to explain the difficult section of limiting reactant 
which was noted as the big idea, then moving through the lesson with an analogy that 
expands on the previous diagram with the same set of integrated components. The fourth 
episode showed more expansion of the original plan as it was meant to reinforce the big 
idea as well as the prior knowledge. 
 
4.3.3 Authentication of pre-service teacher TSPCK map analyses  
 
Pre-service teachers used in-depth qualitative analysis method to identify and describe 
TSPCK moments in their lessons. Teaching segments were identified in lesson plans and 
teaching transcripts and analysed to search for instances where TSPCK components 
appeared. The components were then listed, and placed in a sequence, or as an integration 
with other components. TSPCK maps were then constructed of these teaching instances 
and pre-service teachers provided their own analysis of the episodes. As a researcher, I 
followed the same analysis technique where I started with an identified teaching segment, 
identified a TSPCK episode, and then analysed the segment for the sequence, names of 
components present in the sequence and the way in which the components interact in the 
sequence. TSPCK maps were rated in terms of the agreement I had with their analysis of 
the segments. Good agreement is reached when I fully agree with the TSPCK episodes 
identified in a teaching segment as well as their analysis of the sequence in which the 
components appear, their names, and their interaction. 
Park and Chen (2012) defined a TSPCK episode as a teaching segment wherein two or 
more TSPCK components interacted and the pre-service teachers used this definition in 
the analysis. They represented the transformation of content knowledge in their planning 
and teaching by drawing TSPCK maps, the graphical representation of the connections 
between the TSPCK components in a teaching episode (Park & Chen, 2012). It is 
important first to explain and show an example of a TSPCK map for clarity in the 
evidence presented below.  
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Below is an example of a TSPCK map. Circles with abbreviations are used to represent 
the TSPCK components present in a teaching segment.  For example, Figure 4.2 presents 
a TSPCK episode made out of three TSPCK components. These are Learner Prior 
Knowledge (LP) repeating; What is difficult to understand (WDT) and Curricular 
saliency (CS). The circles are presented in the order in which the components are 
identified in a teaching segment. Thus the order presented in Figure 4.1 is the component 
of Leaner Prior Knowledge observed first, repeated in manner that drew on What was 
difficult to understand, followed by drawing on curricular saliency. The circles are 
presented in which they are observed interacting. For example, for the TSPCK episode 
presented in Figure 4.2, Learner Prior knowledge is first observed in the teaching segment 
as a clear stand-alone portion of what the teacher said.  There is then evidence that the 
teacher moved to a discussion, that drew on learner prior knowledge (different to the 
first), What is difficult and curricular saliency in manner that is in that order but 
inseparable.  
 
Figure 4.4. Example of a TSPCK map with accompanying classroom teaching 
transcript 
 
The TSPCK maps constructed by the pre-service teachers display the sequence in which 
the components appeared in the teaching plans or transcripts of teaching events and the 
actual components featuring in the teaching episode used to bring across meaning to the 
learners and the linked components indicate their integration in teaching the lesson. In 
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this way, the type of components used, the sequence and methodology of the lesson can 
be viewed at a glance.  
I used three categories to classify the agreement, namely, good agreement, moderate 
agreement and poor agreement. Table 4.5 below presents the extent of agreement across 
the entire sample. Pre-service teachers set aside for the detailed study are indicated with 
an asterisk. 
 
Table 4.5. Overview of the agreement of analyses for TSPCK episodes in planning and 
classroom teaching  
Pre-
service 
teacher 
Lesson planning Classroom teaching Verdict 
Column 1 2 3 4 5 
 
Episodes 
identified by 
pre-service 
teachers 
Episodes 
identified 
by 
researcher 
Episodes 
identified 
by pre-
service 
teachers 
Episodes 
identified 
by 
researcher 
 
Sipho * 6 6 8 8 Good 
agreement 
Pulane  2 2 2 2 Good 
agreement 
Jane * 8 8 11 11 Good 
agreement 
Joe 2 2 2 2 Good 
agreement 
Alex 3 3 3 3 Good 
agreement 
Buhle * 6 6 12 12 Good 
Agreement 
Willy 1 1 2 2 Good 
agreement 
Philani 2 2 4 4 Good 
agreement 
Mpho 7 7 6 6 Good 
agreement 
Zandi * 3 3 4 4 Good 
agreement 
Debra 2 2 4 4 Good 
agreement 
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Pre-
service 
teacher 
Lesson planning Classroom teaching Verdict 
Column 1 2 3 4 5 
 
Episodes 
identified by 
pre-service 
teachers 
Episodes 
identified 
by 
researcher 
Episodes 
identified 
by pre-
service 
teachers 
Episodes 
identified 
by 
researcher 
 
Helen 3 3 3 2 Good 
agreement 
Elias 3 1 3 3 Moderate 
agreement 
Jesse 3 3 9 6 Moderate 
agreement 
Masego 4 3 3 2 Moderate 
agreement 
Vuyo 1 1 5 4 Moderate 
agreement  
Jack 5 3 6 3 Moderate 
agreement 
Thapelo 3 1 3 1 Moderate 
agreement 
Patience 1 0 4 4 Moderate 
agreement 
Jonah 11 3 16 4 Poor 
agreement 
Nonhlanhla 0 0 3 1 Poor 
agreement 
Tony  7 7 9 - Poor 
agreement, 
no 
transcripts to 
make 
confirmation 
Petrus - - 3 3 Poor 
agreement, 
no 
transcripts to 
make 
confirmation 
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Table 4.5 indicates a good agreement for 12 of the participants and moderate agreement 
for 7 participants across all the analysis conducted, on extracts from lesson plans as 
shown in columns 1 and 2. The same pattern is observed for extracts of teaching segments 
as shown in columns 3 and 4. From the table the number of episodes identified by the 
pre-service teacher can be seen. In instances where I was able to find sufficient evidence 
in their transcripts and descriptions, the verdict of good agreement between the pre-
service teacher and myself was given. Following below are examples of the actual 
analysis depicting good agreement. The figure below is an example of good agreement 
from the TSPCK map constructed by Buhle. 
Description  Extract from transcript of 
classroom lesson 
Pre-service teacher’s TSPCK map representing the 
transcript extract 
Researchers analysis 
for authentication of 
TSPCK map drawn by 
pre-service teacher 
according to transcript 
extract 
Teaching 
segment 
extract 
from 
Buhle’s 
lesson 
 
 
 
 
Lesson 3 
(Topic): 
Resistance  
Episode 2 
 
Buhle was 
teaching 
Current 
electricity 
and the 
resistance 
in a 
circuit- 
then noted 
(as 
confirmed 
in her 
notes) they 
did not 
understand 
the concept 
of 
 EMF, 
which is a 
key 
concept 
(CS)  
 
 
Extract of the transcript of the 
second episode (7th minute) of the 
lesson  
 
Teacher: “...as the electrons move 
in the conductor, a wire, they are not 
that free to move, why are they not 
that free to move[?], what makes up 
the wire? 
Learners: the wire is made up of the 
copper 
Teacher: let’s say copper atoms and 
an atom is made up of protons and 
electrons and the electrons are the 
ones which are free to move 
remember we talked about this. The 
electromotive force is what causes 
the electrons to move. When there 
are [o]pposite charges what 
happens? 
Learners: they attract each other. 
Teacher: so we have electrons 
moving in the conductor but since 
there are positive ions the electrons 
are not that free to move [electrons 
bump on atoms that are tightly 
packed in solid wire] and this is what 
causes the resistance in the wire. In 
the Small street that we talked about 
[the teacher has drawn the electrons 
in the wire and keeps referring to it 
and making reference to Small street 
in Park-station] 
 
TSPCK map drawn by Buhle dipicting TSPCK episode in her 
teaching segmentextract 
 
 
 
 
 
 
Agree 
CS is exhibited in the 
atomic description, an 
important concept needed 
before establishing 
resistance. 
 
DIF:The concept of  
EMF i difficult to 
understand.  
LP:opposite charges 
confirm previous 
understanding.  
CS: emphasis of what is 
important or needed for 
understanding, moving 
electrons. 
Representation: macro-
representation of Small 
Street in Park station 
which is always 
congested with people 
bumping each other. 
Figure 4.5. Buhle’s analysis of TSPCK episode in a lesson on resistance. 
DIF CS 
LP R 
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The figure above is an analysis of the TSPCK map constructed by Buhle. The first column sets 
the context in which the episode was identified. The second column contains the extract from 
the transcript of the teaching segment that Buhle used to identify components for the 
construction of the TSPCK map. The third column contains the TSPCK map Buhle constructed 
from the extract. The final column contains my analysis of the first three columns, indicating 
that I agreed with the analysis, and the reasons for my decision. Buhle identified the use of CS 
from the big idea being taught, exhibited in her description of the atom, an important concept 
needed before establishing resistance, appearing in the lesson as follows: Teacher:”Let’s say 
copper atoms, and an atom is made up of protons and electrons and the electrons are the ones 
which are free to move.” CS was interacting with what is difficult to understand about EMF by 
mentioning to the learners that “the electromotive force is what causes the electrons to move”. 
The use of these interacting components inform the subsequent use of the components Learner 
prior knowledge of electricity and circuits, representing the difficult concepts as macro-
representations of an example of the people pushed together at Park station. I was able to 
identify the same components from the sequence, therefore I listed this episode as good 
agreement. Another example showing agreement between the pre-service analysis and mine is 
that of Vuyo, featured in Figure 4.6 below. 
Description  Extract from transcript of classroom lesson Pre-service teacher’s TSPCK map 
representing the transcript extract 
Researchers analysis 
for authentication of 
TSPCK map drawn by 
pre-service teacher 
according to transcript 
extract 
Lesson 1 
(Topic): 
Transverse 
pulses 
Vuyo was 
explaining 
the 
movement 
of a pulse 
though a 
medium. 
I then did a demonstration – macroscopic 
representation (R): I took a duster and gave it to the 
first learner in front and asked her to pass it to the 
learner next to her.  
Teacher: Say for example, I have a pulse here… this 
is a pulse… pass it, pass it, no don’t look at it, just 
pass it… pass it… pass it… pass it… pass it… pass 
it… pass it… that’s a pulse it’s moving.  
Learners: Oh  
Teacher: You can see the pulse started here and 
comes back. Therefore, the medium did not travel 
with the pulse, but moved the pulse. You did not 
move did you? 
Learners: No 
This Curricular saliency (CS) was displayed between 
11:05min and 11:20min. 
Teacher: a transverse pulse is the pulse where all 
particles of medium disturbed move perpendicular or 
right angle to the direction in which the pulse is 
moving. 
I then drew a diagram – visual representation (RP) – 
on the chalkboard to show the shape of the transverse 
pulse. The intention was to show learners the 
 Agree, episode visible 
Several 
representations were 
used the macroscopic 
representation of 
passing the duster from 
the front to the back of 
the class, representing 
the pulse movement, 
learners as the 
medium, later in the 
lesson the pulse was 
represented as a 
drawing on the board., 
 the teaching strategy 
involving learner 
participation enhanced 
the representations, 
curricular saliency 
emphasises that it is 
important to remember 
that the medium does 
R 
CS 
CTS 
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direction of movement of particles and that of the 
pulse.  
Teacher: The pulse is moving this way, the particles 
of the medium would be moving up and down 
(11:20min – 11:40min).  
 
not travel with the 
pulse. 
Figure 4.6. Vuyo’s analysis of TSPCK episode in a lesson on pulses. 
Vuyo drew an authentic TSPCK map representing the TSPCK episode which occurred 
in the classroom lesson on pulses. He effectively used different representations including 
a board duster and a diagram on the board to represent the pulse in a medium. The 
teaching strategy integrated with the representation as Vuyo used all the learners in the 
class to represent the medium through which the pulse moved. Curricular saliency was 
exhibited in Vuyo’s reinforcement of the fact that it is the pulse, and not the medium 
which moves, an important concept in pulse propagation. 
The last example showing agreement between the pre-service teacher’s analysis and mine 
is that of the lesson plan of Pulane in Figure 4.7 below. 
Description  Extract from transcript of 
classroom lesson 
Pre-service teacher’s TSPCK map representing the lesson 
plan extract 
Researchers analysis 
for authentication of 
TSPCK map drawn by 
pre-service teacher 
according to transcript 
extract 
Extract 
from 
Pulane’s 
lesson plan 
 
 
 
 
Lesson 1 
(Topic): 
Physical 
and 
Chemical 
change 
  
 
Extract of the lesson plan.  
Learners have to work 
collaboratively in the form of a class 
discussion. This unit was based on 
the introduction of what physical 
and chemical changes are. After the 
introduction. Explanation segment, I 
[would] use a teaching aid (an 
overhead and display[s] the 
experiment on a transparency) to 
show learners kinds of experiments 
that new products are formed. And 
also experiments where substances 
undergo a physical change, their 
properties and examples to tell if 
there is a physical or chemical 
change taking place 
TSPCK map drawn by Pulane dipicting TSPCK episode in her 
lesson plan segmentextract 
 
 
 
 
 
 
Agree 
CS is exhibited in the 
important concept of 
knowing the difference 
between physical and 
chemical change. 
 
Representation: 
teaching displays of 
symbolic representations 
showing chemical 
changes, product 
formation versus physical 
change.  
 
Figure 4.7. Extract from the lesson plan of Pulane. 
The lesson-plan of Pulane, as shown in Figure 4.7 indicates the integration of the two 
TSPCK components of Curricular saliency and representations. There is an important 
foundational chemistry concept to be taught (physical and chemical change) and the 
difference between them is taught through the use of various representations to show the 
differences between the two parts of the concept, hence the integration of the components. 
In summary, the examples shown above indicate the nature of presented analysis of 
lesson plans and teaching classroom which I have been in agreement with. The level of 
CS R 
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agreement between myself and the pre-service teachers were the same for their lesson 
plans as actual classroom teaching transcripts. As mentioned, establishing this agreement 
was important in determining the authenticity of the patterns. 
 
4.4. Conclusion 
 
Analysis of pre-service teachers’ TSPCK maps in lesson planning and actual classroom 
teaching illuminated several patterns in comparison. The episodes showed expansion in 
quantity of episodes in the teaching of planned topics, but the intention of the lesson was 
maintained in a large quantity of the participating pre-service teachers. The episodes, 
once verified to be authentic showed that the ratios of components were maintained, with 
curricular saliency, representations and learner prior knowledge being the most 
frequently used components in planning and actual classroom teaching. These findings 
could inform teacher education programmes of pre-service teacher’s needs in 
development at this stage of their training, together with their views on teaching science, 
which will be discussed further in chapter 5. 
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Chapter 5: The Views Held by Pre-service Teachers About Using 
TSPCK in Their Teaching 
 
In the previous chapter, I presented findings with regard to the first research question on the 
authenticity of pre-service teacher’s analysis of the quality of TSPCK in their own teaching 
practice and the trends that emerged from such analysis. This was found to be authentic. In 
this chapter I present findings on the views they held about using TSPCK framework in their 
teaching. Pre-service teachers’ views were grouped according to similarities in expression and 
emerging trends. These are discussed in detail. I close the chapter by summarizing the key 
findings.  
 
5.1. Introduction 
 
In this chapter I sought to answer the second research question of the study, which is, 
“What views do pre-service teachers hold about using TSPCK in their teaching?” The 
expressed views were analysed from direct and open ended questions asked across two 
sets of data. The first was the mini-research reports from pre-service teachers and the 
second the examination equivalent tasks submitted 3 weeks later.  
In the mini-research project, there was an open-ended question seeking reflections on 
using the TSPCK framework in their planning and actual classroom teaching. Pre-service 
teachers responded to this question in writing. In the Exam Equivalent Task, pre-service 
teachers were asked the similar question and in addition specific, structured questions 
eliciting their beliefs about teaching science. As these views were asked in an exam 
setting, they were issued with a set of criteria emphasising that the marks were weighted 
in the reasons they provided for their views, as there was no single correct or incorrect 
answer. The analysis of their responses for the open ended questions both in the mini 
research reports and the exam equivalent was done through content analysis. On the other 
hand, the analysis of the responses from the structured questions on teacher beliefs were 
analysed using a rubric called Belief Maps adapted from Luft and Roehrig (2007), with 
pre-service teachers’ beliefs equated with views as discussed in the methodology chapter.  
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Both these data sets were analysed for patterns of common beliefs emerging from the 
group. Together, the data from these two sources reveal what pre-service teachers regard 
as good science teaching. The analysis was able to broadly indicate where they fit in at 
this stage of their teacher development. They further described their views of the impact 
of the TSPCK development intervention and its contribution in their study journey 
towards becoming effective science teachers.  
There are four key findings emerging from the analysis. First, pre-service teachers 
showed evidence of recognising that the teaching of science requires transformation of 
content knowledge. Second, pre-service teachers expressed positive views about the 
value of the TSPCK framework in in equipping them for entering the teaching profession. 
Third, advocated for the inclusion of the TSPCK framework in teacher preparation 
programmes. Finally, they portrayed evidence of being aware of the level of their teacher 
development and areas for improvement which they need to improve in order to be more 
effective teachers. These findings are presented one at a time with evidence below.  
 
5.2. Recognition of teaching science requiring transformation of content knowledge. 
 
Part of the aim of exposing the pre-service teachers to the TSPCK framework was to develop 
the understanding that teaching science requires transformation of content knowledge.  
According to Geddis and Wood (1997), this recognition is important in the PCK development 
trajectory. In this study, a question soliciting views of pre-service teachers was asked as part 
of developing a sense of the views held by pre-service teachers. Pre-service teachers were asked 
in their methodology examination question: “What does teaching science mean to you?” 
Analysis of their answers was performed by searching the pre-service teachers’ answers for the 
explicit awareness that teaching science requires a transformation of content revealed a positive 
trend. 16 of the 23 pre-service teachers, shown in Figure 5.1 below, explicitly mention the need 
for transformation of content in order to effectively teach sciences as an answer. 
In the second set of data, which is their mini-research reports, there was also repeated explicit 
mention of this realization by 20 pre-service teachers reinforcing their expressed views.  Only 
four pre-service teachers did not allude to the transformation of content in their exam question, 
they only mentioned it in their reflective paragraphs in the mini-research report. Table 5.1 
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below presents extracts from both data sets where explicit mentioning for the need to transform 
content knowledge is made. 
Table 5.1: Sample extracts from the mini-research report and examinations indicating their 
views that science teaching requires transformation of knowledge. 
 
 
Table 5.1 reflects a common sentiment, expressed in different ways but nonetheless explicit 
about an understanding that teaching science requires a transformation of content knowledge. 
The quotes shown above present a sense that at the end of the methodology course, the pre-
service teachers had explicit recognition of the understanding that science teaching requires 
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transformation of content knowledge. This emerging trend was found to be true among 87% of 
the pre-service teachers, when considering both their mini-research reports and examination. 
 
5.3. Views about the value of using the TSPCK framework in teaching science 
 
Pre-service teachers responded to the open-ended question in their mini-research reports about 
their views with respect to the use of the TSPCK framework in their lesson planning as well as 
in actual classroom teaching. Their responses were analysed thematically for emerging themes, 
tabulated in Table 5.2 below.  
Table 5.2: Table of the common, emerging views held by the pre-service teachers, regarding 
the value of using the TSPCK framework in teaching science, N = 23. 
Themes of views expressed Frequencies Total 
1. Teacher education programmes 
incorporating TSPCK will assist pre-service 
teachers to become more effective teachers. 
 
 19 
2. There were more TSPCK components and 
episodes noted in the teaching of topics than 
in the planning of the same topics. 
 18 
3. The use of TSPCK components promote 
better knowledge transformation. 
 16 
4. Using TSPCK components to plan and 
teach topics creates in teachers a better 
awareness, enabling better understanding in 
the learners. 
 14 
 
Table 5.2 listed the common views expressed by pre-service teachers expressed in their 
answers to the open question in the mini-research report. The first column indicates the most 
frequently mentioned themes that emerged from their responses. These themes we derived from 
analysis of the response to the single question of the whole sample by two raters who came to 
these themes by discussion until consensus was reached. As noted by the number of the ticks 
per theme in each row, it can be seen that there is a view shared by the majority pre-service 
teachers acknowledging usefulness of the TSPCK framework in planning and in actual 
classroom delivery of lessons. 
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In Table 5.3 below, examples of extracts of responses from pre-service teachers’ views from 
their mini-research reports and examination are shown to further elaborate on the views about 
science teaching according to the themes which emerged during data analysis. 
Table 5.3: Examples of extracts from pre-service teachers’ views from their mini-research 
reports and examinations. 
Teacher Examples of views expressed regarding theme 1: 
 Teacher education programmes incorporating TSPCK assist pre-service 
teachers to become more effective teachers 
Jonah It is an important reasoning that all teachers ought to have before (and during) 
the transformation of any topic. Hence, TSPCK should be taught thoroughly, 
to all pre-service science teachers.  
Nonhlanhla  Science teachers should be able to track their own development of PCK and 
identify elements of PCK in their own teaching. This will enable further 
research to see where there are loopholes and non-loopholes so that science 
education programs can change their curriculum and make other changes 
where needed. The framework will guide future preparation of science 
education programs. 
Sipho Teacher development programmes can be enhanced by encouraging pre-
service teachers to develop reasoning for the interaction of TSPCK 
components in teaching episodes, and encouraging pre-service teachers, 
through TE to develop their own TSPCK episodes. 
Buhle  Teacher education programmes where Content and methodology are taught 
together assist pre-service teachers in becoming more effective teachers. 
Using the TSPCK framework will assist beginner teachers to teach known 
topics and others they had not dealt with before. 
 
Teacher Examples of views expressed regarding theme 2: 
 There were more TSPCK episodes found in actual classroom teaching as 
compared to the planning of the lesson 
Buhle  The most important aspect is that the episodes in the planned lesson occurred 
to be very little as compared to those in the actually delivered lesson 
 
Jane  TSPCK episodes do not manifest in the same way in planning as in teaching 
episodes. There were more TSPCK components and episodes in actual 
teaching than were initially visible during the planning of the lesson.  
 
Zandi I saw more TSPCK episodes during teaching than I had written in the planning.  
 
Teacher  Examples of views expressed regarding theme 3: 
 TSPCK framework use promotes better knowledge transformation. 
Sipho As time passed, I came to a new and deeper understanding of TSPCK. By 
reflecting on my lesson taught on TE, it allowed me to identify the problems 
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in my teaching. With my new and deeper understanding of TSPCK I am able 
to develop lessons that promote conceptual transformation of the content. 
Jane  The use of TSPCK components make my suggested lesson plan a good 
example of a lesson with transformed content knowledge. The lesson is not 
teacher centred, it involves learners and their prior knowledge. 
 
Zandi TSPCK components are not mainly the content that we teach and expect 
learners to understand after the lesson delivery.  They are component that could 
be used to assist, to enhance learner understanding the usage of the 
components require us to know which ways that could help learners acquire 
knowledge and have less misconceptions which may arise during the lesson.   
Teacher  Examples of views expressed regarding theme 4: 
 Using the TSPCK framework creates better teacher awareness and learner 
understanding. 
Jack  This was indeed a learning opportunity to become more aware of my own 
teaching and to reflect on my own professional growth in order to improve my 
further development. 
Jane The use of TSPCK components during planning and teaching promote better 
transformation of content knowledge. 
Buhle  The more component integration occurred in a lesson, the higher the quality of 
the lesson delivered. 
Using TSPCK as a framework, it makes lesson planning and teaching more 
effective. 
 
Zandi Consideration of the TSPCK components during planning and teaching 
enables teachers to enhance learner understanding.  
 
While Table 5.3 displayed views that could be allocated to the emerging common themes, pre-
service teachers also expressed views which were unique and relevant. For example, Sipho in 
addition to his views shown above, he also noted that CTS was the least used component in his 
planning and teaching of his topics. This observation, of the component of CTS and that of DIF 
being less used, was also clearly noted by myself when analysing their reports.  
Overall, there was generally a positive attitude exhibited by the pre-service teachers concerning 
the implementation of TSPCK components in planning and teaching as none of the participants 
noted negative aspects regarding the experiences in their Teaching Experiences. All pre-service 
teachers indicated that they had an awareness of the use of the components in their planning 
and teaching once they analysed their work for the research project. Also, that there was a 
transformation in the content they taught which they felt would promote learner understanding. 
The pre-service teachers noted in their views that teacher education programmes using the 
TSPCK framework, would help develop teachers with a better understanding to transform 
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content knowledge. As mentioned by Sipho, Buhle and Jane, they felt that their exposure to 
TSPCK as a pre-service teacher, would assist them in becoming more effective teachers in the 
future. 
 
5.4. Pre-service teachers’ awareness of their level of development as teachers 
 
5.4.1. Empirical evidence of the level of development of the pre-service teachers  
 
The Methodology course exam contained a section of structured questions with 7 items, each 
probing the pre-service teacher for their beliefs about teaching science and analysed according 
to the rubric adapted from Luft & Roehrig (2007), discussed in the Methodology Chapter. 
Pre-service teachers were asked to answer the following questions concerning their personal 
beliefs about teaching science:  
1. How can you increase chances for student learning in your science classroom? 
2. Describe how you perceive your role as a science teacher?  
3. During your school teaching experience, how did you know when your students 
understood what you taught them?  
4. In a school setting, how do you decide what to teach and what not to teach?  
5. How do you decide when to move on to a new topic in your classroom?  
6. How do your students learn science best?  
7. How do you know when learning is occurring in your science classroom?  
The answers to the questions were rated according to Beliefs Rubric of teacher science belief 
coding adapted from Luft & Roehrig (2007). An extract of the rubric can be seen in Figure 5.1 
below, with the complete rubric found in the appendix 2. 
 
60 
 
 
Figure 5.1: Extract from the Beliefs Rubric showing teacher- to student-focussed 
types of categories of teacher beliefs 
For the seven questions, pre-service teachers’ responses could be classified according to the 
type of teaching views they held, ranging from traditional beliefs, which fall in the teacher-
centred category, to reformed beliefs denoting a learner-centred reform-based teaching 
approach. Transitional teacher beliefs are regarded as middle positioned beliefs, higher than 
traditional on the scale towards reformed kinds of beliefs. 
The responses of pre-service teachers were scored by two raters according to the rubric, then 
presented for each pre-se-service teacher as their science teacher beliefs profile shown in Table 
5.4. 
Table 5.4: The science teacher beliefs profiles of pre-service teachers, N = 23. 
 Pre-service 
teacher 
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Willy     xxxx x xx 
Sipho (did not 
answer all 
questions) x x       
Pulane xxx   xxxx     
Joe xxx x xx  x   
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 Pre-service 
teacher 
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Alex x   xxxxx x   
Helen x xx  x  xx  x  
Jane x  xxx  xx  x    
Philani     xxxx  xxx    
Mpho   xx  xxxxx      
Nonhlanhla     xxxxxx x    
Debra xx xxx  xx     
Buhle   xx  xxxxx     
Elias xx  xxx  xx     
Jesse xx  xxx xx     
Masego xx  x  xxxx     
Vuyo   x  xxxxx  x   
Jack   x xxx x xx 
Thapelo x  xxx  xx  x   
Patience     xxxxx  x x 
Jonah   x   xxxxx x 
Zandi xx x xxxx     
Tony  x x xxx x x 
Petrus xx xx xx x   
Totals 24 31 72 20 9 
 
Table 5.4 indicates frequency of responses that were found to fall under a particular category.  
These are represented as crosses (x). The levels of teaching approaches range from what could 
be considered more basic, traditional, teacher-centred approaches to advanced, reform-based 
approaches. 
The frequency totals in the last row of the table indicate the general pattern per categories in 
which the pre-service teachers tend to hold views about teaching. In the Transitional category 
column, there is a frequency of 72 responses followed by the instructive category with 32 
responses. Both these categories fall in the middle of the scale, moving away from the 
traditional teacher beliefs towards the direction of reformed teacher beliefs.  Column 2 shows 
that there are 24 responses made by the pre-service teachers which fall into the category of 
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traditional views of teaching. 31 Responses featured as instructive, 72 responses were noted in 
the transitional category of teaching approaches. Responsive teaching approaches registered 
20 responses and the reform-based approach to teaching were listed 9 times in pre-service 
teacher responses.  
It can clearly be seen that the majority of the responses fall into the category of the transitional 
teaching approach. The transitional category of beliefs denotes a shift in beliefs towards a more 
student-focussed method of teaching. Value is given to student/teacher relationships and 
student understanding, with the teacher making decisions in the class based on student 
feedback. There is still a dependence on procedures and guidelines, indicating that, although 
there is a move away from the traditional category of beliefs, the views have not yet fully 
evolved to reforms-based beliefs. 
 
5.4.2 Pre-service teacher awareness of their current levels of teaching approaches 
 
One of the emerging views from pre-service teachers’ mini-research reports was that they were 
aware of the category of their beliefs and teaching approaches. In their discussions they were 
able to note that there were areas they noticed were less developed than the abilities of more 
experienced teachers, and signalled unhappiness. In Table 5.5 below, the quotes from the pre-
service teachers indicating their views about their level of development as pre-service science 
teachers.  
Table 5.5: Overview of themes expressed by pre-service teachers as areas of concern  
Themes of views expressed Frequencies Total 
1. There is an awareness by pre-service teachers of 
a lack in development of their current abilities to 
use TSPCK components more fully and in depth in 
comparison to experienced teachers  
 16 
2. CTS and DIF were the least used components in 
pre-service teachers’ planning and teaching. 
 
 10 
 
Pre-service teachers were showing evidence of being aware of the level of their teacher 
development and the areas in which they were lacking. They noted in their reflections how 
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their teaching could be more effective in the future with experience in using the TSPCK 
framework during the planning of lessons and actual classroom teaching. 
Pulane noted that, “…the more teaching, the more I will learn to use the components.” 
Joe mentioned that, in terms of teaching using the TSPCK framework, “…in planning I was 
not considering that I was using TSPCK. In future I have to be aware that in planning using 
TSPCK will improve my teaching methods in the future.” 
Alex stated that, “My lack of using TSPCK seems to have limited the ability of learners to relate 
bonding properties of atoms and the chemical properties. A more extensive application of 
TSPCK, I believe, would make it easier for students to relate these concepts.” 
Vuyo was aware of the need for more development based on lesson reflection to improve the 
quality of teaching, “In addition, while the quality of TSPCK episodes seemed to increase 
judging by the number of components found per episode, the quality still needs much 
improvement and the TSPCK needs to come through more explicitly. This can be done by 
reflecting using the TSPCK model as a framework to focus reflections. Using the TSPCK 
model, my reflections at this point of the study [writing a mini research report] are more 
insightful than reflections during the data collection.” 
Pre-service teachers showed an awareness of the pattern of frequency of the components they 
were using to plan and teach their lessons, mentioning the need for continuous development to 
improve the quality of their lesson planning and actual classroom teaching. Jesse noted that, 
“Both lessons depicted that CTS, R and CS were the three components that were most 
frequently used and often integrated with one another.” Comments from Willy noted his most 
frequently used topics, “As soon as I was given concern, I started recording my lessons, 
reflected on them and looked at three components of TSPCK as discussed above (Learner Prior 
Knowledge, Representations and Curricular Saliency).” Helen mentioned the specific 
component she found lacking in her TSPCK maps, “Looking at the TSPCK episodes what I 
have realised in most of them is that the component that is not easy to identify in the lesson as 
part of a TSPCK episode is ‘what is difficult to understand’. 
Pre-service teachers were able to notice shortfalls in their use of TSPCK components in their 
planning and teaching, mentioning the need for continuous development to improve the quality 
of their lesson planning and actual classroom teaching. 
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5.5 Conclusion 
 
The views expressed by pre-service science teachers regarding TSPCK and science teaching 
revealed several commonalities. Firstly, pre-service teachers acknowledge the need for the 
transformation of content knowledge in order to effectively teach. They also found the TSPCK 
framework as taught in the methodology class useful to their development as teachers. They 
noted that, as a result of completing their mini-project, they were able to note aspects in their 
teaching and planning approaches that still needed to be developed. Pre-service teachers still 
following traditional beliefs recognised this tendency towards teacher-centre approaches, 
mentioning, as Vuyo did, that these were aspects that needed development upon reflection.  
The pre-service science teachers also shared that they had gained insights into the complexity 
of actual classroom teaching when comparing the TSPCK maps of their lesson planning to the 
TSPCK maps of their classroom teaching. They found that they taught using more expanded 
versions of the planned TSPCK maps. The observations made by pre-service science teachers 
regarding their development in terms of the less commonly used TSPCK components in 
planning and classroom teaching were reflected in the previous chapter when I analysed the 
same data, adding credibility to the findings made. Analysis of the structured questions 
according to the belief rubric indicated that the pre-service teachers had views about teaching 
approaches in the transitional teaching approach range, leaning more toward a learner-centred 
teaching approach rather than the more basic traditional, learner-centred approach. 
 
  
65 
 
 
Chapter 6: Discussions and Implications 
 
This chapter discusses the findings made in this study by first providing an overview of the 
problem statement that initiated this study and its relation to the theoretical framework that 
guided the analysis of the data. The research questions are answered and discussed in relation 
to the findings to show the contributions of the study to existing literature. The chapter is 
concluded with critical reflections of the research process with regards to the methodology, 
reliability, trustworthiness and limitations of the study. I conclude the chapter by adding 
recommendations for further studies in this field. 
 
6.1. Introduction and Overview of the Study 
 
The preparation of pre-service teachers to close the theory-practice gap is an issue of concern 
in Initial Teacher Education (ITE) programmes (Makgato and Mji, 2006). In the previous 
Chapters, I have outlined how the science education community values and regards 
Pedagogical Content Knowledge (PCK) as the knowledge enabling the learning of how to teach 
science topics. In the literature review I discussed how the construct of PCK has been re-
conceptualized for operation in ITE as Topic Specific Pedagogical Content Knowledge 
(TSPCK). I have further indicated how TSPCK is recognized by the science community as 
shown by its inclusion in the consensus model of PCK (Gess- Newsome, 2015), and more 
explicitly in the refined consensus model of PCK emerging from the recent PCK Summit II 
(unpublished yet, Leiden, December 2016). I have also shared on a few studies that have 
successfully used the theoretical construct of TSPCK in improving the quality of pre-service 
teachers’ TSPCK in core specific topics in physics and chemistry. Against this backdrop, I 
have also pointed out that little is known about how pre-service teachers use the construct from 
their well-reasoned lesson plans into classroom delivery during their practicum, and whether 
they recognize the extent and limitations of their effort. This informed the purpose of the study, 
which was to illuminate the nature and the patterns of pedagogical transformation as seen 
through TSPCK component interactions used by pre-service teachers from their well-reasoned 
lessons plans to actual classroom delivery.  
In the discussion below I answer the research question guiding this study, reflecting on the 
findings answering each of the sub-questions. The first research sub-question focused on the 
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patterns of the evidence reported by the pre-service teachers of pedagogical transformation of 
content knowledge. They compared the transformations occurring in their own lesson plans 
and how these were enacted out in classroom delivery. The second research question 
investigated the views they held with regard to using the TSPCK framework that seeks 
pedagogical transformation of content knowledge in their teaching. I will now unpack the 
findings made during analysis in relation to the research questions. 
 
6.2 Answering the Research Question 
 
What changes, if any, do TSPCK observed in lesson planning undergo when the well reasoned 
lesson plans are enacted out in the complexity of classroom practice?  
The main research question is investigated through three sub-research questions: 
i. What patterns of TSPCK component interactions are observed emerging from pre-
service science teachers’ planning and actual classroom teaching of a physical 
science topic?  
ii. How do such patterns differ from those reported by pre-service teachers from their 
self-analysis of their planning and its enactement into classroom practice? 
iii. What views do pre-service teachers hold about the value of TSPCK in their 
teaching, particularly with respect to changes in their TSPCK (if any) from planning 
to practice? 
The research question, divided into sub-questions in order to describe the three aspects of pre-
service teachers’ pedagogical development involving recognition of TSPCK components in 
their planning and actual classroom teaching, noting the expansion of TSPCK episodes that 
emerged during classroom teaching and the views they have about the teaching of science. 
 
6.2.1. What patterns of TSPCK component interactions are observed emerging from pre-
service science teachers’ planning and actual classroom teaching of a physical science topic?  
 
Data analysis in Chapter 4 revealed key findings answering the first two subquestions, that the 
pedagogical transformation of content knowledge initially demonstrated commonly as a ‘single 
TSPCK episode’ of three components in the pre-service teachers’ lesson plans, was expanded 
into sophistication when acted out in classroom lessons to a ‘cluster TSPCK episode’.  
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It is important to recall that pedagogical transformation of content knowledge in this study is 
measured by the visible extent of interaction of the TSPCK components. Each interaction of 
two or more TSPCK components was defined as a TSPCK episode. The increase in 
sophistication of the TSPCK episodes in classroom practice could be confirmed as an 
expansion of the original episode in the lesson plan into a cluster made up of additional TSPCK 
epsodes. Some of the additional episodes had increased in the number of TSPCK components 
involved in the interaction , as was shown in Chapter 4, Figure 4.5, of Zandi’s first lesson re-
illustrated below. 
 
 
Figure 6.1. TSPCK map comparison of Zandi’s first lesson showing the expansion of 
TSPCK episode in classroom enactment. 
In the lesson plan as featured in the left hand side of Figure 4.5, the big idea (CS) brought 
across to the learners was about the existence of two kinds of charges. Zandi planned a to use 
a conceptual Teaching Strategy (CTS) to of comparing the two charges and differentiating 
between a neutral object, electron-deficient object and an electron-rich object, which integrated 
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with the component of representations (R) as he planned to use sticky tape as part of his visual 
representation of attractive electrostatic forces.  
The actual classroom teaching TSPCK episodes featured in the right hand side of Figure 4.3 
expressed the same big idea,with the original planned TSPCK episode in colour to indicate 
where the episode exhibited itself in the actual delivery of the lesson.The sequencing of the 
lesson was expanded first reflecting awareness of the pre-service teacher of the need for 
discussing pre-concepts (structure of an atom) before discussing charges. The expansion is 
noticed again much further into the lesson with an additional TSPCK Episode LP/R/CS which 
occurred due to the interactions the teacher had with the learners. The pre-service teacher seem 
to have noted that the learner  prior knowledge (LP) was focussing on the everyday definitions 
of the terminology used. He then added more representations displaying different types of 
charges before summarising with equations representing the concepts. 
i. The complexity of the classroom situation and the effect of the learner interactions on 
the planned lesson changed the nature of the planned TSPCK Episodes into a ‘cluster 
TSPCK episode’ as the teacher embraced the  need of pre-requisite knowledge and the 
emerging organic learner interactions. There was an expansion of the TSPCK episode, 
while still maintaining the essence of the planned lesson. 
6.2.2 How do such patterns differ from those reported by pre-service teachers from their self-
analysis of their planning and its enactement into classroom practice? 
 
In summary, the examples shown above indicate the nature of presented analysis of 
lesson plans and teaching classroom which I have been in agreement with. The level of 
agreement between myself and the pre-service teachers were the same for their lesson 
plans as actual classroom teaching transcripts. As mentioned, establishing this agreement 
was important in determining the authenticity of the patterns. 
 
6.2.3 What views do pre-service teachers hold about using TSCPK in their own teaching?  
 
In chapter 5 the views expressed by pre-service teachers in their mini-research projects were 
generally displaying a positive regard for the TSPCK framework.  
Pre-service teachers felt that they had gained practical teaching skills and confidence during 
their teaching experiences and reflective practices during the compilation of their mini-research 
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reports. They therefore began to gain a deeper understanding of how to plan and teach more 
effectively, influencing their commitment to their own development as teachers (Goldman and 
Grimbeek, 2014). 
I now discuss the meaning and the implications derived from the findings from the perspective 
of the purpose of the study and the new knowledge suggested. 
6.3 Meaning of Findings and the New Knowledge Suggested.  
 
6.3.1 Revealing the expansion of pedagogical transformation of CK from well-reasoned lesson 
plans into classroom delivery. 
 
(i) The patterns 
The findings to the first question point to the expansion of pedagogical transformation of CK 
seen in pedagogically well-reasoned lesson plans changing to a format that is more complicated 
when lessons are delivered in the classroom. One can regard the lesson plans as ‘well-reasoned’ 
because the lesson plans exhibited episodes of TSPCK (see Figure 4.1 in Chapter 4). 
Furthermore the pre-service teachers were involved in an explicit intervention, thus the 
knowledge about TSPCK could be assumed reasonably fresh in their minds. This finding is 
expected to some degree as literature points to the fact that classroom practices are more 
complex environment as compared to lesson planning that happens in a controlled environment 
(Madden, 2014). The complexicity is part of the struggle that pre-service teachers and 
beginning teachers face in applying their theory to practice. What is however new, revealed by 
this finding, is the uncovering and the illumination of the forms to which ‘planned TSPCK 
episodes’ metamorphose into when they are ‘enacted in a classroom context’. The observation 
that a well pedagogically reasoned explanation on paper (plan) expands into a cluster of 
combinations of smaller explanations that also have evidence of pedagogical transformation is 
exciting (Figure, 4.4 from Chapter 4). The smaller explanations surround the original 
explanation which in itself has been transfigured to have more depth in component interaction. 
Looking closely at the explanatory notes associated with TSPCK episodes provided by pre-
service teachers in their mini-research reports, it emerges that the possible source of the 
increase in the number of TSPCK episodes, point to increased teacher-learner interactions or 
evident moves by the teacher in acknowledging learner knowledge in a particular instant. 
The sophistication of the expanded TSPCK episodes was noted in more frequently-used 
components repeating in an episode. For example a TSPCK episode in the planning context 
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would have two components say LP and CS, in the classroom context the episode shows the 
components to be repeating see example of TSPCK in the second lesson of Sipho in an extract 
from Table 4.4. 
 
Table 6.1. Number of episodes present in planning and teaching, extract. 
Participant Lesson 
number 
Number of 
episodes 
present in the 
lesson plan 
Number of 
episodes present 
in the actual 
teaching 
segment 
Components 
featured in the 
episodes for 
planning 
Components 
featured in the 
episodes for actual 
teaching 
Zandi 1 1 4 
EPISODE 1 EPISODE 1 
CS-CTS/R CS/R-CS 
  EPISODE 2 
  CS/R  
  EPISODE 3 
  LP/R/CS 
      EPISODE 4 
      R/CS 
 
Comparison of the TSPCK maps of the planned lesson versus the exhibited classroom lesson 
showed the repitition of the R, and CS components as the episode expanded from the planned 
episode to the four episodes in actual classroom teaching. This repetition indicates that the pre-
service teacher was using the same component-dynamic to bring the concept through to the 
learners to ensure understanding. 
Also observed, however at a lesser frequency were cases where episodes that displayed 
interactions of two or three TSPCK components in the lesson plan now displayed interaction 
of more components. This seemed to have been been prompted by the recognition of the 
response from learners on previous questions that the teacher now becomes at pains to explain 
a new concept in relation to what has just occurred or revealed about what learners know. 
An example of such a case is seen in the TSPCK Episodes of Jane in Table 4.3 in Chapter 4 
where the episode 1 was a three component episode and played out in the classroom as a four 
component episode, where the fourth component is a repeating component  
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Table 6.2. An example of the classroom teaching episode revealing sophistication in increased 
component use by Jane, extracted 
 
 
The first aspect observed is that episodes with greater number of components interacting were 
regarded as more sophisticated than those with less components. The value of the finding that 
the conversion of a ‘single TSPCK episode’ into a ‘cluster TSPCK episode’ provides the 
empirical evidence that exposes the teachers moves in response to the complexity in actual 
classroom settings. Providing us with language to explain the difference of complexicity from 
planning a well reasoned lesson into classroom delivery from the perspective of TSPCK 
component interactions. As noted by Shulman (1986) teachers turn and twist their knowledge 
as they respond to the demands posed by the diversity and learner interactions that happen in a 
classroom setting. We now have a possible description of what that process looks like from the 
perspective of component interactions. 
The second aspect of the observations about the expanded pedagogical transformation of CK, 
is that the original planned intentions as noted by the TSPCK episode in the lesson plan are 
vividly distinguishable in the expanded form. The meaning implies that the intended 
explanation is delivered in the lesson and not lost by the moves of the teacher as they establish 
the needed pre-knowledge, nor by the demands posed on him/her from the classroom 
interactions. This is generally a characteristic observed in teachers with many years of teaching 
experience who seem to be more fluent in their teaching delivery, but remaining on course. 
This character I have personally observed in separate instances from this study, in  my 
evaluation of teachers lessons at schools as a Head of Department in sciences, and I think it 
confirms Shulman’s concession (1987) that pedagogical reasoning of lessons before the actual 
delivery is as important as the delivery itself, as it informs the reasons for classroom actions. 
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The observation of this characteristic in pre-service teachers, way before they graduate, reflects 
and confirms the value of TSPCK as professional knowledge.  
The last aspect observed was that in the TSPCK episodes seen in the classroom lessons certain 
components of TSPCK were more commonly and repeatedly used than others. The TSPCK 
components of (i) curricular saliency, (ii) learner prior knowledge and (iii)representations. The 
evidence is based on the presented ratio count of components from Table 4.5 in Chapter 4. This 
finding confirms the findings made by Aydin et al (2013), Pitjeng (2013), Akinyemi (2015) 
and Mavhunga (2015) where the same components featured more predominantly in TSPCK 
maps analysed for their study of pre-service teachers. Aydin and Boz (2013), described these 
components as components that reveal the specific nature of PCK. This indicates that there is 
a general trend by pre-service teachers to rely on these components during planning and actual 
classroom teaching. The less frequently used components, namely What is difficult to 
understand as well as conceptual teaching strategies, have generally been associated with the 
teaching practices of more experienced teachers, signalling perhaps that some of the TSPCK 
components only fully develop with practice and experience as noted by  Nilsson (2008),and 
Botha and Reddy (2011). 
The literature also points that although these three components are commonly used in the 
pedagogical transformation of content by pre-service teachers, they are however, experienced 
with different levels of difficulty in different topics. For example, Rollnick & Mavhunga, 
(2013) found in developing TSPCK in Chemical Equilibrium, Learner Prior Knowledge was 
found to be least difficult and conceptual teaching strategies to be most difficult. The study by 
Akinyemi, 2015 in a physics topics Kinematics found the order to be: What is difficult to teach 
and representations as least idifficult followed by Learner prior knowledge, Conceptual 
teaching strategies and curricular saliency. This obesrvation indicates the possibility of 
difference due to the topic specificity in which they are used. 
(ii) The authenticity of the patterns 
A very important point to be noted about the major findings discussed above, is that the they 
were observed and reported by the pre-service teachers as patterns emerging from their own 
planning and teaching in their own. The reporting was in the form of a mini-research report 
that they needed to write as part of an assignment in the course. They were requested to submit 
both their analysis reports, the raw audio recordings of their lessons and the accompanying 
lesson plans. In the submitted mini-research reports, they were asked to identify teaching 
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segments from their lesson recordings and lesson plans that displays TSPCK interaction of one 
or more TSPCK components. As a researcher, I had access to both their mini-research reports 
where they reported on their analysis and also the raw data (lesson recordings and lesson plans) 
from which their analysis was based. I observed that their analysis, of their own data, revealed 
that pre-service teachers were able to authentically identify TSPCK episodes evident in their 
lesson planning and in their actual classroom teaching. Authentication was established as the 
agreement between the pre-service teachers’ analyses of TSPCK observed in their lesson plans 
and classroom practice with my analysis of the same evidence, as seen in Chapter 4, Table 4.1 
re-illustrated here.  
 
Table 6.3. Overview of the agreement of analyses for TSPCK episodes in planning and 
classroom teaching  
Pre-
service 
teacher 
Lesson planning Classroom teaching Verdict 
Column 1 2 3 4 5 
 
Episodes 
identified by 
pre-service 
teachers 
Episodes 
identified 
by 
researcher 
Episodes 
identified 
by pre-
service 
teachers 
Episodes 
identified 
by 
researcher 
 
Sipho 6 6 8 8 Good 
agreement 
Pulane  2 2 2 2 Good 
agreement 
Jane 8 8 11 11 Good 
agreement 
Joe 2 2 2 2 Good 
agreement 
Alex 3 3 3 3 Good 
agreement 
Buhle 6 6 12 12 Good 
Agreement 
Willy 1 1 2 2 Good 
agreement 
Philani 2 2 4 4 Good 
agreement 
Mpho 7 7 6 6 Good 
agreement 
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Pre-
service 
teacher 
Lesson planning Classroom teaching Verdict 
Column 1 2 3 4 5 
 
Episodes 
identified by 
pre-service 
teachers 
Episodes 
identified 
by 
researcher 
Episodes 
identified 
by pre-
service 
teachers 
Episodes 
identified 
by 
researcher 
 
Zandi 3 3 4 4 Good 
agreement 
Debra 2 2 4 4 Good 
agreement 
Helen 3 3 3 2 Good 
agreement 
Elias 3 1 3 3 Moderate 
agreement 
Jesse 3 3 9 6 Moderate 
agreement 
Masego 4 3 3 2 Moderate 
agreement 
Vuyo 1 1 5 4 Moderate 
agreement  
Jack 5 3 6 3 Moderate 
agreement 
Thapelo 3 1 3 1 Moderate 
agreement 
Patience 1 0 4 4 Moderate 
agreement 
Jonah 11 3 16 4 Poor 
agreement 
Nonhlanhla 0 0 3 1 Poor 
agreement 
Tony  7 7 9 - Poor 
agreement, 
no 
transcripts to 
make 
confirmation 
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Pre-
service 
teacher 
Lesson planning Classroom teaching Verdict 
Column 1 2 3 4 5 
 
Episodes 
identified by 
pre-service 
teachers 
Episodes 
identified 
by 
researcher 
Episodes 
identified 
by pre-
service 
teachers 
Episodes 
identified 
by 
researcher 
 
Petrus - - 3 3 Poor 
agreement, 
no 
transcripts to 
make 
confirmation 
 
I used the same analysis technique as they were instructed to do as I identified teaching 
segments, identified a TSPCK episode and analysed components and interactions. There was 
good agreement reached between my analysis and that of the pre-service teachers, as well as 
their analysis of the sequence in which components appeared. Table 4.1 showed the level of 
agreement reached with 52,3% of the analysed data showing good agreement, 30,3% showing 
moderate agreement and only 17,4% showing poor agreement. Agreement in analysis validated 
the primary data and allowed for more reliable secondary data. 
Pre-service teachers effectively used the concept of PCK episodes adapted from Park and Chen 
(2012) as their working definition and the framework of TSPCK from Mavhunga (2012) from 
which to draw their TSPCK maps. Based on their analysis, three key findings as discussed 
above emerged. The first is that they noticed the expansion of TSPCK episodes (pedagogical 
transformation) in a lesson plan – a planning context into a cluster of TSPCK episodes that are 
more sophisticated than those in the planning context, as discussed above. Secondly, that 
TSPCK episodes generated from specifically planned intentions could be vividly 
distinguishable in the classroom delivery as clusters of episodes, as also discussed above and 
lastly, they noticed curricular saliency, learner prior knowledge and representations as TSPCK 
components that were more occuring in their identified TSPCK components as seen in Table 
4.5 in Chapter 4. 
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Table 6.4. Frequency count of the components evident in the TSPCK episodes in planning and 
teaching. 
Frequency count of components for planning versus teaching 
Participants   Components present in planning  Components present in teaching 
  LP CS DIF R CTS  LP CS DIF R CTS 
Sipho   5 5 3 6 1   6 6 4 6 0 
Jane   4 8 3 2 2   6 6 4 1 5 
Buhle   5 6 2 6 3   12 13 9 12 2 
Zandi   0 3 0 1 1   0 0 0 0 0 
TOTAL   14 22 8 15 7  24 25 17 19 7 
%   21 33 12 23 11   26 27 18 21 7.6 
Ratio  1.91 3.00 1.09 2.09 1.00  3.42. 3.55 2.37 2.67 1.00 
 
Finally, my analysis of the TSPCK episodes in pre-service teachers’ lesson planning and actual 
classroom teaching brought to light that the components CTS and DIF were the least frequently 
used components in both their planning and classroom teaching. I have also described this 
finding as a significant emerging pattern upon analysis of their TSPCK maps in chapter 4. Pre-
service teachers with exposure to the use of TSPCK components in their planning and 
classroom teaching show the ability to reflect on the strengths and weaknesses of their lessons, 
mentioning that, had they integrated these components in their planning and classroom 
teaching, they would have been better able to identify and address learner misconceptions of 
the topics they had taught. Therefore, teachers with a new awareness of the areas needing 
development in their teaching approaches would be more likely to correct the shortcomings 
during future lesson plans and classroom teaching situations, making them more effective 
teachers than before. This awareness empowers pre-service teachers to prepare and present 
more strategically effective lessons, (Loughran, 2006) in terms of the conceptual development 
stimulated among the learners they teach (Shulman, 1992), giving them an advantage when 
they enter the teaching practice in the future. 
The observation that pre-service science teachers were able to authentically identify TSPCK 
episodes in the planning of their lessons as well as in their teaching segments, indicates that 
they are aware of the professional knowledge there are developing.  Particularly useful for 
teacher development is how aTSPCK episode changes in complexity and shape as it enables 
them to plan and enact in classroom contexts. According to Nilsson (2011) it is important that 
pre-service teachers gain awareness and appreciation of the professional knowledge they are 
learning. Insights into the different TSPCK episodes evident in planning and teaching 
illuminate to pre-service teachers the naivité of their planning for more basic episodes, and how 
to adapt them to become more realistic when comparing them to actual classroom teaching 
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situations. This striving toward more complex panning forms an important part of their TSPCK 
development. 
 
6.3.2 Revealing the views and the underlying science teacher beliefs  
 
In chapter 5 the views expressed by pre-service teachers in their mini-research projects 
regarding teaching, TSPCK and science education in general were discussed. Emerging views 
were grouped according to the common themes derived from the analysis. Two sets of data 
were analysed to illuminate the themes, one being open views about teaching and the other 
beliefs they have about science teaching in an examination setting. The content of their 
responses was different from the above reported evaluation of whether pre-service teachers 
were aware and authentic about the use of their own professional knowledge. These views 
sought aspects of their emotions largely in the affective domain, therefore not knowledge per 
se, rather epistemological standpoints made. Generally, there was a positive view expressed 
toward science education and the benefits of using the TSPCK framework learnt in the 
methodology course towards being effective science teachers. Findings on pre-service 
teachers’ views point toward the type of teaching approaches they would be likely to follow, 
as they filter teaching approaches according to their views (Gess-Newsome, 2015). Pre-service 
teachers felt that they had gained practical teaching competence and confidence during their 
teaching experiences and reflective practices as they compiled their mini-research reports. 
They therefore began to gain a deeper understanding of how to plan and teach more effectively, 
influencing their commitment to their own development as teachers (Goldman and Grimbeek, 
2014). 
Pre-service teachers showed evidence of being aware of the level of their teacher development 
and areas they were lacking which they need to improve in order to be more effective teachers. 
Table 5.4 indicated that this awareness was visible in  the responses of 70% of the participating 
pre-service teachers. 
They noted that during the reflections of their teaching experience in order to complete their 
mini-projects, they realised that their lesson plans showed only a superficial understanding of 
the interaction of TSPCK components. The lesson plans were described as traditionally 
teacher-centred in their approach. Also, the use of TSPCK components in planning and actual 
teaching of science topics were seen by pre-service teachers to improve teacher awareness of 
the need to transform content for teaching, promoting a better understanding of the topic by the 
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learners. Nilsson, (2008) mentioned the importance of pre-service teachers developing an 
awareness of their development as she felt that this would aid in developing the elements they 
required to transform them to PCK. 
Pre-service teachers focused on describing what they considered to be good science teaching 
and as a result there were five main findings to be made from the analysis of their views on 
science teaching within the TSPCK framework. 
Firstly, pre-service teachers showed evidence of recognising that the teaching of science 
requires transformation of content knowledge. Shulman, (1986,1987) noted the need for 
transformation of content knowledge in order for effective teaching and learning to occur, and 
was clearly echoed by the pre-service teachers. Comments made by pre-service teachers found 
in Table 5.3 showed that 20 of the 23 participating pre-service teachers, amounting to 87% of 
the cohort, mentioned this statement. The framework taught to the pre-service teachers in their 
methodology class was clearly able to instil in them that they would not merely be able to 
transfer knowledge from a textbook or similar resource material if their intention was to be 
quality teaching and learning. 
Secondly, pre-service teachers expressed that they found value in the TSPCK framework in 
terms of being able to equip them for entering the teaching profession. Responses as listed in 
Table 5.1 such as, “As time passed, I came to a new and deeper understanding of TSPCK. By 
reflecting on my lesson taught on TE, it allowed me to identify the problems in my teaching. 
With my new and deeper understanding of TSPCK I am able to develop lessons that promote 
conceptual transformation of the content”. This extract from Sipho depicted that pre-service 
teachers noted that the use of TSPCK components promote better knowledge transformation 
and that using TSPCK components to plan and teach topics creates in teachers a better 
awareness, enabling better understanding in the learners. Their statements enabled me to 
triangulate previous similar findings and confirmed the observed high authentic identification 
of the trail of their TSPCK episodes in planning and teaching as presented in Chapter 4 and 
discussed in 6.3.2 above. They noted that good science teaching involves developing 
conceptual understanding in learners. This conceptual understanding could be developed 
through the transformation of content knowledge by the teacher through the nature of TSPCK 
component interactions. 
Thirdly, pre-service teachers believe that teacher training programmes could benefit from 
incorporating the TSPCK framework in their approach based on the value they gained in their 
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methodology class. Responses as noted in Table 5.1 showed that 83% of pre-service teachers 
felt that teacher education programmes incorporating the TSPCK framework will assist pre-
service teachers to become more effective teachers. For example, an extract from Nonhlanhla, 
“Science teachers should be able to track their own development of PCK and identify elements 
of PCK in their own teaching. This will enable further research to see where there are 
loopholes and non-loopholes so that science education programs can change their curriculum 
and make other changes where needed. The framework will guide future preparation of science 
education programs.” 
Fourthly, responses from the science teacher belief tools analysed using Beliefs Maps by Luft 
and Roehrig (2007) as described in chapter 3, showed the level of teaching approach identified 
to be most prevalent among the group to be at the transitional level. Transitional beliefs were 
characterised by Luft and Roehrig (2007) as slightly more student-focussed than traditional 
beliefs. They are seen as transitional beliefs from traditional to more learner-centred reformed 
type of belief. Previous studies using the beliefs map by Mavhunga and Rollnick, (2015)noted 
that pre-service teachers’ beliefs before intervention concentrated around traditional 
approaches to teaching. Following a TSPCK-based intervention, the beliefs tended toward a 
more student-centred approach. The authors reported that the quality of TSPCK was even 
developed in pre-service teachers who held teacher-centred beliefs (Mavhunga & Rollnick, 
2015). Therefore, teacher educators need to be aware that pre-service teachers with learner-
centred beliefs could later still be persuaded by to return to teacher-centred beliefs. Contextual 
factors such as the teaching staff they are surrounded by when they begin to teach may 
influence this belief system taught during ITE. It is therefore important to lay a strong 
foundation of beliefs in pre-service teachers enabling them to develop their views further as 
they teach, to prevent them from slipping into more traditional beliefs. The findings in the 
Mavhunga (2012) study indicate that the TSPCK intervention in the methodology class has 
delivered teachers who will be entering the teaching profession with a stronger sense of learner-
centred approaches. They would have the skills to apply TSPCK components in their lesson 
planning and actual classroom teaching to effect a higher standard of teaching as beginner 
teachers than previously noted in novice teachers. Geddis (1996) stated that the beliefs held by 
teachers greatly influence the path of instruction in the classroom, and that these beliefs were 
difficult to transform once well established. Therefore, if the pre-service teachers were already 
showing signs of more transitional views of teaching approaches, the effect it would have on 
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their classroom delivery could be more effective and subject to improvement than if they 
entered the teaching arena with traditional teaching approaches.  
 
6.4 Conclusion and Implications 
 
This reflective chapter sets out to show how the research questions were answered by the 
findings generated through the analysis of the mini-research projects and examinations of the 
pre-service teachers in their methodology course thereby making a contribution to the existing 
literature on the development of TSPCK in pre-service teachers. 
Pre-service teachers who gain understanding in the importance of gaining sophistication in 
learning pedagogical transformation, as shown by this study, will consider applying more 
TSPCK components in their lesson planning, making their pedagogical reasoning that informs 
classroom activities stronger. ITE programmes now have evidence of the development paths 
followed by pre-service teachers in terms of their awareness of development, the effectiveness 
of the use of TSPCK components and evolving views regarding the teaching of science. These 
aspect, now brought to the forefront, enables ITE programmes to fast-track the learning curves 
of pre-service teachers as they enter the teaching profession with more skills pertaining to 
experienced teachers. 
It is also important to note that the awareness gained by pre-service teachers regarding the trail 
followed of developing professional teacher knowledge in clearly distinguished from the views 
and teacher beliefs expressed by the pre-service teachers. Although both are important in 
informing ITE programmes, they refer to different aspects of teacher education. The beliefs 
developed by a pre-service teacher eventually inform the teaching components they rely on the 
most during teaching (Aydin & Boz, 2013). Knowledge of the existence of the theory-practice 
gap in ITE enables science teacher educators to focus on the explicit needs of pre-service 
teachers that were not previously addressed. Pre-service teachers will be more confident and 
capable of effectively dealing with the complexities of classroom situations while fluidly 
managing the TSPCK components in order to deliver more understandable lessons to their 
students.  
In conclusion, the findings of this study illuminate the once-tacit aspects of the development 
occurring in pre-service teachers during their training programmes. These findings would 
therefore serve as a means to develop ITE with the ability to create teachers who have the 
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ability to teach more effectively as they begin their careers, with an ability to adapt ad monitor 
their growth in teaching. ITE would be able to assist pre-service teachers in the development 
of skills in using the components featuring as more difficult, to balance the use of all five 
components in their teaching practice. 
 
6.5. Reflections on the methodology used 
 
The TSPCK construct used as a theoretical framework in this study developed by Mavhunga 
(2012) was elaborated upon in later studies aimed at specific science topics (Rollnick & 
Mavhunga, 2013; Ndlovu, 2013) where the construct was validated. This framework became a 
valuable guiding tool in this study. The analysis during the comparison between pre-service 
teachers’ lesson plans and actual classroom teaching not only showed which TSPCK 
components were more frequently used per subject topic, it also indicated the development 
level of the pre-service teachers in terms of the TSPCK components they relied on most 
frequently in their planning and actual classroom teaching. The framework also guided the 
analysis into the expansion of the planned episodes into actual classroom teaching, providing 
this study with invaluable evidence and insights into the actual mechanisms of exporting a 
well-reasoned lesson plan into an actually delivered classroom lesson. I was able to note the 
patterns of common TSPCK components used blossoming into more complex clusters of 
TSPCK episodes as the lesson plan was used in the classroom. The findings of this study 
therefore provide a glimpse into a tacit construct being formally represented on paper into a set 
of component interactions changing as they are applied in an actual classroom situation. 
The findings in this study strengthen the findings of the previous studies and allow for a more 
in-depth look at the nature of the interactions among the components in the topics taught by 
pre-service teachers. Furthermore, the findings of this study give insights into the views pre-
service teachers have about the TSPCK framework itself from the content analysis made of the 
open-ended questions in their examinations. The advantage of using the two analyses lies in 
the ability to triangulate the information, verifying patterns formed in one data set with the 
other. As TSPCK has up to now been viewed as tacit (Mavhunga and Rollnick, 2013) it benefits 
the study to perform a qualitative analysis of the data in order to determine patterns formed in 
the triangulation of the data, to identify emerging themes from the participating pre-service 
teachers as a group. I have used a qualitative case study to collect and analyse data for this 
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study. The case study enables collection of textual data depicting the reality of the pre-service 
teachers’ thoughts and experiences (Cohen, Manion & Morrison, 2000). 
Data from the formal setting classified as assessment tasks had the advantage of receiving 
information from participants after much thought, effort and deliberation. The pre-service 
teachers had sufficient time to complete the mini-research reports and place their ideas into 
context. It can be assumed that, as the pre-service teachers knew that they were submitting their 
reports for marks, they could possibly have distorted some of the evidence by attempting to 
supply answers that could give them the highest possible marks. I therefore received the benefit 
of analysing the pre-service teacher’s synthesis of their raw data, allowing me the luxury of 
merely authenticating the data they had generated. This enabled me to perform much more in-
depth pattern analysis of the data they supplied, allowing me to conceptualise their knowledge. 
By triangulating the findings of the mini-research report with the findings of the examination 
written three weeks later, it gave a greater reliability value to the patterns which did emerge. 
The examination questions were analysed according to a rubric of teacher beliefs initially 
designed by Luft et al. (2007), and further adapted by Mavhunga (2012). This rubric enabled 
the classification of the views held by pre-service teachers according to a scale of teaching 
approaches from traditional teacher-centred to learner-centred reform based teaching 
approaches. Further adaptation was required for it to be effective for this specific study. The 
rubric criteria were adapted to include a larger variety of examples depicting each criteria as 
the views expressed by the pre-service teachers were individualistic, and their ideas needed to 
be included along the criteria scale in order for the rubric to be able to reflect the approach 
pattern effectively. As a result, the range in which the pre-service teachers’ views fitted, since 
completing the methodology course using the TSPCK framework, showed that they were more 
advanced in their teaching approaches than I had hypothesised, but still within a developing 
range, not featuring in the categories indicating greater levels of teaching experience. Data 
from the rubric and the TSPCK maps together could be used in teacher education programmes 
as a tool to determine the level of development the pre-service teacher has, making it a valuable 
aid for further interventions in the process of teacher preparation. 
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6.6. Reflections on Reliability and Trustworthiness 
 
The data collected consisted of the pre-service teachers’ mini-research report of their teaching 
experience. The reports contained their own analysis of their lesson planning and actual 
classroom teaching in order to determine the way in which TSPCK components worked 
together in teaching segments to form TSPCK episodes. They gathered their data from 
transcript made from the audio recordings of their classroom lessons. The pre-service teachers 
had undergone TSPCK construct intervention during their methodology course and knew the 
same working definition of TSPCK as I used for the study. This was confirmed in the write-up 
of their research reports. Reliability of the analysis of data depended upon the manner in which 
the identified episodes were confirmed. I used the pre-service teachers’ own lesson planning, 
along with the transcripts of the recordings of their actual classroom lessons in order to find 
agreement with the episodes and interacting components in the TSPCK maps they presented. 
Pre-service teacher views were coded and scored according to a piloted rubric, ensuring 
consistency in the categorisation of the beliefs expressed by the pre-service teachers in their 
examinations. The results of the analyses were agreed upon by a second rater who supervised 
the study and data analysis. 
I was able to confirm the authenticity by referring to these transcripts, enhancing the 
trustworthiness of the findings that were made from the data. The second set of data analysed 
consisted of the pre-service teachers’ methodology examinations where they answered 
structured questions pertaining to their views on science teaching and the application of the 
TSPCK construct. The views they mentioned in their mini-research reports were also reflected 
in the answers given during the examination, adding to the trustworthiness of the views they 
exhibited in their examinations.  
The instrument used to analyse the beliefs of pre-service teachers was adapted from the belief 
rubric designed and piloted by Luft and Roehrig (2007), who used the same structured 
questions as used in this study, with exception to the first question specifically targeting the 
use of TSPCK in science teaching. The rubric was also adapted and used by Mavhunga (2012) 
in her studies on pre-service teacher beliefs on topics in chemistry including chemical 
equilibrium, with some findings in my study showing the level of teaching approaches 
exhibited by pre-service teachers correlating with her findings. 
During this qualitative study, the representation of the analysis of the data and subsequent 
findings were presented as thick detailed descriptions that were thoroughly unpacked, and sent 
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to a second rater for reaffirming my analyses of the pre-service teachers’ evidence, improving 
the reliability of the findings. Due to the fact that sufficient details have been supplied to the 
readers illuminating the patterns emerging from my analyses, it should enable them to be able 
to reach the same conclusions as the ones I presented in my findings, given the same evidence 
to work with. 
 
6.7. Limitations of the study 
 
This study was limited in terms of the predetermined size of the sample of 23 pre-service 
teachers, who were enrolled in the methodology course. This, together with the fact that the 
research method was a case study, hinders the generalisability of the findings (Bertram et al., 
2014). 
Due to the fact that both the mini-research report and the examination written by the pre-service 
teachers, there exists the possibility that the teachers expressed and put additional effort that 
may not be seen under relaxed conditions. Pre-service teachers were aware of the mark 
allocations for each of the tasks, and may possibly have answered some of the belief questions 
with the aim of portraying what they thought was a more acceptable answer as opposed to 
giving their true views. This was not necessarily the case with the TSPCK episode analysis as 
they were deriving their data from transcripts of actual classroom lessons and lesson plans.  
 
6.8. Future research and recommendations 
 
Research involving the TSPCK construct is relatively new, and therefore opens a wide area for 
future research, specifically focusing on long-term study of the effects that TSPCK 
interventions in the methodology class would have on the quality of teaching exhibited by these 
teachers, years after entering the teaching profession Knowledge of the development of TSPCK 
component interactions could be valuable in teacher education programmes where the need 
arises to “fast-track” certain skill developments in new teachers. These basic interactions could 
be provided to beginner teachers along with their teaching plans with the intention that their 
use will make the transformation of content knowledge for teaching to be of a higher standard 
and effective at a quicker rate than waiting for the teacher to develop these skills with years of 
teaching experience.  
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It would serve the education system well if the pre-service teachers had the skills and 
knowledge to reflect and analyse their reflections in order to make the appropriate adjustments 
to improve their teaching. In EU countries and the USA, science teacher preparation standards 
include the need for developing PCK, accordingly, teacher educators recognise the need for an 
adequate model for teacher preparation as the current models fail to accurately address the role 
of PCK in science teacher preparation (Nezvalova, 2011). Authors suggest that initial teacher 
education (ITE) programmes need to focus on PCK, combining it with general knowledge in 
stages to prepare more effective teachers (Hardiyati & Sutikno, 2015). The findings on areas 
of strengths and weaknesses in certain knowledge domains prompt rethinking of the structure 
of initial teacher education programmes to accommodate approaches improving PCK 
development. (Botha and Reddy, 2011). Although some of the aspects of PCK can only be 
formed with teaching experience, it becomes evident that the development of sound PCK is 
crucial during pre-service training. (Botha and Reddy, 2011) 
There exists a positive relationship between pre-service teachers’ knowledge of PCK and belief 
in self-efficacy to teach in a classroom. Science education is tending toward bridging the gap 
between the pedagogical and content aspects of teacher preparation- advocates the 
development of a cohesive knowledge base (Doster, Jackson & Smith, 1994) by using PCK. 
Secondly, as the aim of teacher education programmes is to improve the quality of teaching 
and learning of science in the classroom, it would be most informative to determine the long-
term effect the TSPCK intervention has on learner achievement of the learners taught by the 
TSPCK methodology teachers, which would in turn, inform future teacher education 
programmes. 
Illumination of the emerging patterns in the TSPCK maps of lesson planning and actual 
classroom teaching provides empirical evidence of the level of awareness called for by a 
number of science education researchers in PCK, advocating for ITE programmes to create 
opportunities for pre-service teachers to develp awareness of their own learning (e.g Nilsson, 
2008; Nilsson and Loughran, 2012). Such awareness is different from a mere view that pre-
service teachers may have, as such views as will be dicussed in the section below, could be 
positive but remain far abstract without real conviction and empirical evidence of real impact. 
Thus, while this finding could be link to an existing discourse in the PCK literature as shown 
above, the extent of awareness demonstrated, with such high authenticity of provided clear 
articulation of the theory - practice transfiguration of TSPCK episodes is interestingly 
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encouraging. It demonstrates a desirable calibre of science pre-service teachers who not only 
are developing the professional teacher knolwedge, but remain in touch with the trail of their 
actions. The extent of their development demonstrated the depth of experience that long-term 
teachers do (Botha & Reddy, 2011; van Driel et al, 1998), It therefore stands to reason that they 
are only partly equipped to plan ahead for all contexts in an actual teaching situation, as was 
now made clearly visible in the comparison maps. 
In terms of science education programmes, pre-service teachers mention that the TSPCK 
framework assisted them as beginner teachers to teach known topics as well as equipping them 
to teach topics in the future that they had not dealt with before. Nezvalova (2011) notes that 
focusing on topic-specific examples, pre-service teachers can focus and develop specific 
strategies which can later be transferred to other topics based on their content backgrounds. 
The positive feedback regarding the use of the TSPCK construct could open a pathway for 
future research explicitly charting the development of pre-service teachers on a component 
interaction level. This would allow pre-service teachers to gain a better awareness of their 
development, making them more receptive to attempt to develop the skills necessary to teach 
more effectively in the future. 
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Appendix 3. Teacher belief rubric, adapted from Luft and Roehrig (2007) 
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